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TAG — oldest name in the business, with its new <— 

° . In a 

WESTON affiliation and new, modern plant, now re- §9 nore 
asserts its leadership in the field. Makers of the = 

° a ns 
highest grade thermometers since 1769, TAG is §& super 
first to develop this unique, improved thermometer §§ savin; 

) packaging *. The compact, handy design means new = 
° ° ecnor 

| convenience, less cumbersome handling for you. F¥yion 
Result: reduced breakage, faster inspection, easier J} to F 
| testing and uniform stocking. . 
. . 

Complete specifications on each box label. Avail: F¥ o¢ ; 
able in lots of three or six to a box. Comprehensive fF heat 
stocks. Order from your laboratory supply dealer, re 
or direct from us. Catalog 1100 lists and describes f¥ tend 
the complete line of TAG Thermometers and Hy- 2 
drometers and contains useful Fahrenheit-Centi- F§ »," 
* Patent Pending grade conversion tables. Just write for it. due | 


c. J. Tagliabue Corporation (N. J.) TAL 
TAGN 


Si wry of WESTON ELECTRICAL INSTRUMENT CORPORATION 
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our Work’s Growing Importance 


VERY few years this page reports “straws in the 
wind” indicating recognition of Instrumentation by 
sre and more societies, industries and other bodies of 
sn It is a pleasure to report at this time that the wind 
ntinues to blow favorably. Judge for yourself: 
I 
The American Association for the Advancement of 
ce, founded in 1848, is conservative. Its periodicals— 
vience and The Scientific Monthly—resist every tempta- 
‘on to play up innovations. In 1942, one relatively small 
yment of the AAAS recognized Instrumentation by plac- 
ng this subject on its summer schedule of Chemical Re- 
search Conferences,* but this victory was won by an 
nergetic non-member** assisted by three members.f Now, 
without outside prompting, the AAAS has brought out 
n issue of Science (Vol. 110, No. 2858, Oct. 7, 1949) bear- 
ng on its cover the words ANNUAL INSTRUMENTS 
SSUE and with the following contents: 

Featured Articles: (1) “Is There a Science of Instrumentation !” by 
f£. U. Condon; (2) “Operational Aspects of Instrument Design’ by 


i isenhart. 

po scer pe Meetings: (1) The Fourth Annual Conference and Exhibit 
%o¢ the Instrument Society of America; (2) Fourth Conference on Low 

emperature Calorimetry; (3) Symposia on Conformal Mapping and the 
TMonte Carlo Method; (4) International Conference on Instruments and 
‘) Measurements. 
> Summaries of Selected Papers: (1) From the 1949 National Instru 
ment Conference: [eight extended abstracts]. (2) From the 1949 Gordon 
Research Conferences: [four extended abstracts]. 
Technical Papers [six, all on scientific instruments]. 


a Congratulations to Science, especially on obtaining an 
4 rticle by that busiest of all burdened scientists, that 


i 
: 
: 
; 



















anch friend of his fellow Instrument Men, Dr. Condon! 
the way, although the title of his article is in the in- 
ogative mood, he concludes indicatively: “These exam- 
sles . . . reinforce the concept that instrumentation is a 
science in its own right.” tT 

As we go to press we note that the other AAAS organ, 
The Scientific Monthly, in its November issue has an article 
by Professor John D. Trimmer, Physics Dept., U. of Ten- 





ide in nessee, on “Instrumentation and Cybernetics.” This title 
riners, would not be acceptable to /nstruments which holds that 
cybernetics (or kratologyt) is one branch of Instrumenta- 
tion, but we shan’t quibble with Dr. Trimmer (whose 
new acourse in Instrumentation is scheduled to be described 
in an early issue of Jnstruments) because his article is 
'W T€- B§ more philosophical than technical and because he eloquently 
f the §@declares that 
_— Instrumentation has grown, and is still growing, into some kind of 
iG IS superinstrumentation. Or, expressed another way, instrumentation is the 
‘Score around which a much larger structure of ideas is erystallizing and 
neter & taking shape. 
new fg which “mode of thinking” (Trimmer’s words) beautifully 
J echoes the “mode of thinking” on “the Greater Instrumenta- 
you, tion” disclosed in 1932 on pages viii, ix and x of the Preface 
asier J¥to Fundamentals of Instrumentation. 
II 
: To most of our subscribers, Dr. Philip W. Swain, Editor 
vail. of Power since 1934 needs no introduction: they have 
sive F@ heard him speak at sessions and luncheons and dinners 
aler, of nearly every technical society; or have seen him visit- 
ing their own plants or labs. Somehow, he did not at- 
ibes BBM tend the first three National Instrument Conferences. When 
Hy *See Instruments, March 1942, page 63; Sept. 1942, page 337; both 
nti on the AAAS. 















**Riehard Rimbach, publisher of Instruments, who has never received 
due eredit—and who would suppress this mention if he knew about its 
last-minute insertion. 

*(1) The late Dr. Neil Gordon, Founder and General Chairman of 
these conferences, which today are known as the Gordon Research Con- 
ferences; (%) Dr. John J. Grebe, Director of Physical Research of the 
Dow i¢al Co.; (3) the afonymous author “Verba Volant Scripta 
Manent,” August 1942 Instruments, pages 298 et seq. 
_ 4#"Instrumentation is a science in its own right—a science which is 
indebted to all other sciences but which in turn enriches them all.” 
(From editorial on Instrumentation’s Unity in June 1942 Instruments.) 

tFrom the Greek for “to exercise power.’ This name was given in 
1932 to the new science of rot a control in both technology and 
human affairs, It had been suggested by Pittsburgh Univ. Greek Dep't. 
instructors we had previously consulted. And now—another straw ’— 
‘hose inspired scientific wordsmiths, Parry Moon and Domina Eberle 
‘peneer, have suggested “kratos” as a universal technical term for 
power, 
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he attended the fourth—at St. Louis last September—he 
instantly became an Instrumentation enthusiast. Here is 
the conclusion of the editorial, titled “The Age of Instru- 
ments,” which he wrote on his return: 


Like power itself, instrumentation is something fundamental and 
universal. When you see where it stands today you will draw many 
far-reaching conclusions. Here are some impressions from St. Louis 


1—-Who said small business is on the run? Most of the instruments and 


controls shown at St. Louis, including some of the most ingenious and 


elaborate, are products of small firms——-most of whom don’t seem to 

worry very much about the competition of big business 
2—-Instrumentation will continue its rapid growth, not merely be 

cause Americans take to gadgets, but more because hard-headed busi 


management sees more automatic control as the road to solvency 

and profits in the face of high labor rates and keen competition 
3—For obvious reasons, the military and other 

will encourage instrument progress and contribute greatly to it 


4—Yet most of the progress will trace right back 


ness 
government branches 


to ingenious indi 


viduals in industry, supported by progressive business management 
5——As the years roll by, plant operation will call for less and less 
muscle, more and more instrument savvy. Even the smallest plants will 
come around to automatic control 
6—While instrument engineering has become highly specialized, the 


orifice, 
thermo 
such as the 


average power engineer will find long-known principles at work 

venturi, pitot tube, diaphragm, metal bellows, 

couple, hot wire, liquid column—plus a few 

magnetic property of oxygen. 

7—Of course, the oldtimers will have to brush up on electronics 
8—Will all these automatic controls take the fun out of life for men 

who like to work with machines? Why should they? There will still be 


bourdon tube 


new ones, 


planning, installation, maintenance, repair of all equipment, plus the 
really high-class mechanical and electrical jobs of keeping instruments 
and controls in top-notch working condition 


And the October issue of Electronics contains, for the 
first time in its history, a feature on industrial instru- 
mentation methods—not only electronic but pneumatic, hy- 
draulic, mechanical, electromagnetic, etc. Power's editor 
advises his readers to brush up on electronics; the editors 
of Electronics help their readers brush up on non-electronic 
instrumentation by presenting the ABC’s in a clever com- 
bination of text, tables and thumb-nail sketches—all with 
remarkably few errors. 

IV 

Another straw, which we failed to stress in last month’s 
editorial on the 1949 ISA Conference, is the record-breaking 
number of scientific and technical bodies which partici- 
pated: no fewer than six! 


Vv 
E. G. Bailey, President of Bailey Meter Co., is being 
succeeded as ASME President by James Cunningham, 
President of Republic Flow Meters Co. Two instrument 
engineers in succession! AND a new ASME V-P will be 
Professor S. H. Graf, head of the M.E. Dep’t at Oregon State 
College since 1934, who has been giving since 1940 an In- 
strumentation course officially named “Instrumentation.” 
VI 
The “Technology” department of the November Fortune 
bears the title “A Key to the Automatic Factory” with the 
sub-title “The computers that direct guns might also direct 
machines”; with the Arma Corp. as case-study; with 
beautiful colored diagrams of analog computers, etc.; and 
—of course!—with Fortune’s peculiar combination of re- 
portorial emphasis and editorial slanting. 
VII 
The favorable wind of recognition from top management 
of industries recently modernized (or created) by Instru- 
mentation blew a little stronger a year ago, following the 
appearance of Chase National Bank V-P Frank Totton as 
the principal speaker at the ISA’s Annual Dinner. This 
year it seems to blow stronger still, the straws being job 
retentions in the face of strike-created difficulties, job 
advancements in some cases, and even a few new high- 
salaried openings. (Too few, but this is not 1959!) 
VIII 
Recognition comes from labor-union officials. A few are 
for automatic control: they are the true leaders who work 
for the up-grading of their members and recognize that 
Automaticity Makes Jobs. Some pay lip-service to tech- 
nological progress but do nothing. Some rant against in- 
novations that increase individual productivity and, ac- 
cording to recent news items, work for laws forbidding 
or hampering the introduction of such methods. So here 
we have three straws, indicating a favorable wind, a calm, 
and an unfavorable wind. Which is the correct indication? 
Your guess is better than that of M. F. BEHAR 
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By W. H. FORTNEY, 


N organization in industry, whether large or small, 
{4 may best be described by outlining the basic func- 
tion, basic equipment, personnel, responsibilities, re- 
tionships, and general objectives to be controlled or 
ttained by the individual who heads up the organization. 
herefore, this paper will attempt to describe the position 
f an Instrument Foreman or Instrument Superintendent. 
eneralities will be used in the discussion of such subjects 
; basic function, responsibilities, and relationships: these 
re general and intangible subjects. 

Equipment and personnel are tangibles and should be 
ssigned numbers or proportions. 

Therefore, we will assume our problem is to organize an 
nstrument Department for a continuous-processing indus- 
rial plant with a capital investment of $50,000,000. This 
s an arbitrary figure, but it is neither too large nor too 
small for the major process industries in this country. 
Jsing this investment figure, we can include all of the com- 
ponents necessary for a plant with any amount of addi- 
ional investment; modifications and deletions will permit 
ur organization to be established on a proportional scale 
Wror smaller plants. 

We will omit the very small plant where the Instrument 
Department would consist of two or three men; leaving 
such groups with the comment that many one-, two-, or 
hree-man Instrument Departments are more efficient than 
the majority of the larger ones. 
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I. PLACE IN OVER-ALL ORGANIZATION 


An Instrument Department has, by necessity, a wide 
range of activities. These include work that a few years 
ago would have been divided up among a number of me- 
nical crafts, such as machinists, electricians, pipefitters 
, to a lesser extent, carpenters, boilermakers, sheet metal 
rorkers, welders, etc. 

An Instrument Department is equally concerned with 
ations. Instruments, or at least control instruments, 
ually operate process equipment. The Instrument De- 
artment is certainly a part of any processing industry or 
nit. 

; Ben, Instrument Departments must maintain their own 
stocks of parts and spares. In any case, some time must be 
spent in liaison with the Storehouse Department, and there- 
fore the Instrument Department has a storehouse function 
w responsibility. 

_ The operation of a process may fail or succeed because of 
r application and design of instrument installations. 
ij 

j 


| 


Application and design are considered engineering functions 
in most organizations. The Instrument Department has a 
Vital interest in the engineering that goes into a process. 
Department therefore has an engineering function 
‘ich depends, more or less, upon the stability of operation. 
iy this we mean that the engineering functions of an Instru- 
Reet Department increase as revisions in existing plants 
are made or in proportion to the amount of experimental 
and development work carried on in the plant. The same 
applies to the construction of new equipment. This will be 
discussed later in more detail. 

The Instrument Department has another function usually 
delegated to a separate division in large organizations; this 
is inspection. Only the qualified instrument man is capable 
of inspecting his equipment for accuracy and performance. 
However, in most cases the Instrument Department has 
either an assigned or implied responsibility for inspecting 
its equipment for mechanical strength, corrosion and ero- 
sion. 





Presented before the Fourth Annual Symposium on Instrumentation 
for the Process Industries at Texas Agricultural and Mechanical College, 
October 12, 1949. 

Acknowledgement.—Outline of organization adapted from “Top Man- 
agement Organization and Control” by Holden, Fish, and Smith (Stan- 
ford University Press). 


Prganization of an Instrument Department 


Instrument Foreman, Baytown Refi 
Humble Oil and Refining Co., n Hemnery, 


Baytown, Texas 


There are other staff and line functions, both within 
the Department and entering into its relations, which set it 
apart from other organizations in industry. 

With this cross section of endeavor it may be difficult to 
place the Instrument Department in a satisfactory posi- 
tion with respect to top Management, particularly where 
responsibilities overlap those of other departments. 

The actual position in an Organizational Chart is not 
important unless there are clashes of personality or a top- 
heavy line organization requiring strict adherence to charts 
and paperwork. 

One Organization Chart might be satisfactory for one 
group of individuals and completely unworkable when 
staffed by another group. Since we have the choice, at 
least in this article, of saying what we like, we will place 
the Instrument Department Foreman directly under the 
General Superintendent with a designation of responsibility 
to the “Operating or Process Superintendent” and the “Me- 
chanical Superintendent.” This high position need not over- 
burden the General Superintendent, because we have made 
the Instrument Foreman responsible to each of the assist- 
ants or division heads (titles are sometimes confusing) for 
the major part of his work or functions. (See Fig. 1.) 
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II. BAsic FUNCTION 

The primary and most “basic” function of an Instrument 
Department is to install and maintain instruments to meas- 
ure, indicate, record, regulate, and/or control the environ- 
ments, qualities and quantities related to the material being 
processed in the industry. Stated in other words, it is 
meant that the Instrument Department is a service organi- 
zation employed by Management to assure the operating 
division of the plant that measurements of reasonable ac- 
curacy and efficient, dependable controls are maintained. 
The Instrument Department Foreman is Management’s 
immediate director of this service. This basic function 
extends also to the maintenance of the tools with which 
the work of the Department is carried on. This means the 
necessary machine tools, testing equipment, portable and 
hand tools, and other appliances necessary to perform the 
work of the Department. 

“Instruments,” as defined herein, definitely include the 
control valves and other throttling or positioning devices 
operated by the instruments. 

Another basic function is the maintenance of safe working 
and operating conditions. This is obtained through selec- 
tion and training of personnel, inspection of equipment, 
and the use of protective devices. 

The third basic function is development and experimenta- 
tion. In the minds of some executives this is a debatable 
subject and in some plants such work is often delegated 
to other divisions within the organization. For our pur- 
poses, this function will remain, for several reasons: 
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1. Because the development of instrumentation in indus- 
try to date is ahead of the colleges and universities. Engi- 
neers are not graduated with sufficient understanding of 
the principles of measurement and control to qualify im- 
mediately for application or development work in instru- 
mentation. 

2. Because there has been so little research done, even 
in measurement, that the trial-and-error method is still nec- 
essary in a large portion of this work. For instance, 
although hundreds of volumes have been written on the 
subject of flow, we do not know of any published data for 
computing very small or very large flows. The same thing 
applies to the extremes of temperature measurement: and 
in electronics. Many leading engineers admit that this latter 
subject can best be learned with a soldering iron. 

3. Because knowledge of the limitations as well as opera- 
tion of instruments comes from observation and experience. 


In any event, research and development work in instru- 
mentation is best carried on “on the job” and those engaged 
in this work are best informed when intimately associated 
with the instruments in the field. 

It will not be a function of this Department to change 
disk charts or make calculations of the results shown on 
these charts. 

Design of primary measuring elements, such as orifice 
plates, will be a function of this Department. 

The Engineering Section of the Instrument Department 
will do the necessary design work where existing equipmeni 
is being revised. It will assist in application and design of 
instrument installations on all new equipment that is in- 
stalled in the plant; and will have final approval over such. 

This much time has been devoted to the argument on 
placement of at least a portion of the instrument engineering 
work, because the first-named functions are not debatable: 
otherwise, there would be no need for a diseussion of this 
type. 

III. Bastc EQUIPMENT 


We have assumed a $50,000,000 plant; one-tenth of one 
percent of this investment may be used in arriving at a 
rough estimate of the cost of equipment which the Instru- 
ment Department needs for efficient maintenance. This will 
vary, of course, with the size of items being serviced; with 
the availability in nearby stock of repair parts; and with 
the severity of service in which the instruments are used. 
This figure does not include shop building and office space. 
About 5,000 square feet of shop space should be provided. 

The Instrument Shop should have two or more lathes of 
sufficient size to handle at least 90 percent of its work. At 
least one tool-room lathe is a necessity. The other machine 
tools include a milling machine with complete attachments, 
drill press, grinders, and a pantograph. $30,000 of our 
$50,000 will be spent for machine tools and their accessories. 

The remaining $20,000 should provide the Department 
with furniture, such as work benches; transportation, in- 
cluding a passenger car and two pick-up trucks; shop han- 
dling equipment; hand tools; and test instruments. 

Shop layout cannot be given too much attention. There 
should be facilities to allow a logical step-by-step flow of 
material to and from the Shop or from there to the operat- 
ing unit. Outside transportation is usually provided by 
other departments, but repair costs will be held in line only 
when those handling instruments and valves have the equip- 
ment and “know-how” to see that the items arrive at the 
Shop and go back to the units without damage. Pallets, low- 
boy trailers, trucks or carts may be used in handling equip- 
ment at both ends of the route; and, when provided, these 
save in labor costs, personal injuries, and damaged items. 

The Shop receiving area should have an external wash- 
down rack and, where practical, solvent cleaning vats or de- 
greasers. No contaminated or extremely dirty materials 
should ever be brought into the Shop. 

The Shop should be provided with adequate handling 
equipment, such as jib or traveling cranes; carts, or a lift 
truck and pallets. The lift truck can hardly be justified 
unless there is a concentration of other mechanical crafts 
in the same building. 

Test equipment must include certain basic standards. 
The list may begin with dead-weight gage testers, water 
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columns, test gages, test pumps, portable potenti 
decade boxes, resistors, Wheatstone bridges, and pn 
tinue into conductivity indicators, pH indicators 
generators, frequency meters, and other calibrating + to. 
ing instruments. The number and variety depend | ' 
measurements required in the industry. Various a 
instruments may also be required; such as Orsats, : 
equipment, etc. 

Shop and Field tools are among the most in 
factors in the work and efficiency of an Instrument 
ment. Electric and pneumatic hoists save many sil 
injuries; pneumatic and electric nut runners and 
wrenches afford real savings in manpower and 0; 
efficiency. Jigs, fixtures, and all kinds of holding 
also effect economies in manpower and make for saf\ 
ing conditions. Each operation that is repeated on 
tine basis should be studied to find a better way. 

Good instrument mechanics deserve the best in har 
A box or socket wrench leaves a bolt or nut in muc} 
condition than a monkey wrench or pair of pliers. The sam, 
thing applies to the use of screw drivers; the bit shoy|; 
fit the slot. Pennies saved on hand tools easily grow jnt, 
dollars thrown in the scrap barrel in the form of damage; 
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Communication between Shop and Field and the depart. apr i 
ments being served is important. If the plant is laid oy — . 
on a spacious scale, it may be necessary to assign automo. i tai 
biles, pick-up trucks, or motor scooters for transporting §R" a t 
supervisors, mechanics, or material. Extremely large plant; + Shor 


find short-wave radio communication very satisfactory. 


IV. AUTHORIZED ORGANIZATION (see Fig. 2) 


Our $50,000,000 plant well: may require a working force 
of fifty instrument men, or one man per million dollars of 
investment. This may be adequate or may be excessive, 
depending, of course, upon the number, size, and service 
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cluding a Shop Foreman or Supervisor. These assignments f 
will vary, of course, with the work load. The Shop should [ Th 
be used to the maximum possible amount in training of new |@ proc 
personnel; this is because there is immediate supervision }@ ™ ith 
and concentration of work. on 

Thus we have assigned thirteen of our fifty men to the U1 


See 5 | —" * 
| Reichs ako ——--—, BB assist 
| | EMERGENCY FIELD | | FIELD AS 
| SHOP | JENGINEERWIG) | = crew SUPERVISOR| | SUPERVISOR NEED 
| FOREMAN | | SUPERVISOR | | isuiF T) ZONE 1 || ZONE2 —— 
L sik  } Ji____t Baw 
ig. 
Fig. 2 | 
Fiele 
of the instruments and valves maintained by the Depart- J§;, min 
ment. An instrument man may maintain two hundred Fito serv 
instruments in mild services and be unable to maintain as B§ nepart 
few as ten identical instruments under severe operating con- F¥ neasut 
ditions. We cannot attempt to establish every factor in a Pi the “p; 
discussion such as this, and therefore will build around our Our 
force of fifty men. mat leas 
There are two divisions within the working crew; these BR apie t 
will be listed as “Shop” and “Field.” a num 
Our maintenance and repair will be scheduled and our BR, grea 
Shop and Field organization developed with the idea that FR with x 
the Shop itself is the center of activity or nucleus of the FR the m 
Department. In other words, everything will be brought to Thi 
the Shop whenever this is practical. All instrument men do J ojose - 
not agree on this, but in this plant we will so operate. In : 
No attempt will be made to classify men within the di- JR .dditi 
visions. An exception may be necessary to take care of instru 
machine-tool operators, such as lathe men, etc. It may even Val 
be necessary to use machinists on these jobs. Proc 
The remainder of the work includes field installation and F% trun 
maintenance, and Shop repair and calibration. man 
Shop Organization (see Fig. 3). Assuming fixed assign- [® ‘fe sl 
ment on machine tools, four men will be needed for this }% of m 
work. Floor and bench work will require nine men, not in- ; his 
i ma 
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op. We necessarily have allowed for a certain amount of 
atch-all” work that no other department will take or is 

le of doing. And every Instrument Department has a 
are of this. Some departments handle relief valves, others 



































































r test. 
M the 
LYticg} SHOP 
rating FOREMAN 
Ttant 
‘Dart. — - “| 
SSible | | 
Mpact | 
ratin ASSISTANT 
levied (FLOOR | WORKING FOREMAN 
work. 8 | (MACHINE TOOLS) 
a rou. BENCH) 4 MECHANICS 
9 MECHANICS GLERK 
i tools 
better Fig. 3 


© Same 
Should 
W into 
maged 


lepart. 
id out 
itomo. 
orting 
plants 
y. 


force 
irs of 
ssive, 
TVice 













naintain bicycles, steam traps, padlocks, communication 
guipment, air-conditioning equipment, and so on ad in- 
nitum. 

The Shop Foreman should have a clerk to handle ma- 
rial ordering and receiving, and who will be capable of 
dentifying material coming into the Shop for repairs. This 
Jerk should contact the Field Supervisor or instrument man 
n details of all routine work from the Field, and should 
handle the records and work orders, where such are used by 


he Shop. 
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Field Organization (see Fig. 4). We must always bear 
in mind that the entire Instrument Department exists only 
to serve the process. And the ultimate justification of the 
Department is based upon the degree of success attained in 
measurement and control of the processes. In other words, 
the “pay-off” comes from the Field organization. 

Our field organization will consist of thirty-seven men and 
at least two Field Supervisors. One Supervisor might be 
able to cover the field crew, if our plant consists only of 
a number of identical units. On the other hand, if there are 
a greater number of units processing a variety of materials 
with no similarity in design, it will be necessary to increase 
the number of Supervisors. 

This works out in actual practice and emphasizes the 
close relationship between instruments and processing. 

In a plant where the units are scattered over a wide area, 
additional supervision may be necessary because of the “area 
instrument man.” 

Various titles have been used, such as “Technician,” 
“Process Instrument Man,” “Leaderman,” and possibly “In- 
strument Operator.” Whatever his title, the area instrument 
man is the key to a successful Field instrument operation. 
He should have a clear understanding of his responsibilities 
of maintenance and inspe¢tion of all instrument items in 
his area. An area may mean one large unit or a number of 
smaller units, not too widely separated in the plant layout. 

The area instrument man should know enough about the 
process or processes he covers to be able to discuss them 
with operators and to distinguish between faulty unit opera- 
‘on and faulty instrument operation. 

Unless craft jurisdictional lines are too closely drawn, 





we expect our instrument men to do all small pipe work, 
such as meter manifolds; and instrument air tubing instal- 
lations. 

If this work must be done by other crafts, the manpower 
in the Instrument Department is reduced accordingly and 
permanent men from other crafts assigned to the Depart- 
ment for this work. 

In any event, the area instrument man is responsible for 
the condition of all instruments and valves within the area 
he covers. He should be allowed a maximum of freedom in 
scheduling his work with the understanding that the Proc- 
ess has first call on his services. Preventive maintenance 
is his responsibility. Preventive maintenance includes: 
lubrication of valves, meter shafts and moving parts; clean- 
ing; inspection; minor adjustments; repairs; painting; and 
all of the other chores necessary to keep instruments (or 
any other mechanical equipment) in operating condition. 

Our plant has sufficient variety of operations and a geo- 
graphical layout such that we have ten “instrument areas” 
—five to each Field Supervisor. The remainder of the Field 
crew will form a pool of seventeen men for assignment as 
needed. 

Operations in one or more areas may be such that no 
additional instrument help is needed; other area men may 
require from one to four assistants. 

For turn-arounds and construction work the manpower 
pool may be depleted in either Supervisor’s zone with a tem- 
porary reduction of maintenance work. This should not be 
done over extended periods of time. 

About three men in our pool will be needed to cover time 
lost from the job by reason of vacation, sickness, etc. 

It may be desirable to cover our plant with an emergency 
man on nights and week-ends; normally this means cover- 
age for sixteen shifts each week; or, three and one-fifth 
men will be able to handle these repairs, if this work is 
limited to emergencies. Such an employee cannot be as- 
signed routine responsibilities; and additional supervision 
would normally be required to obtain productive work from 
a large crew. 

The emergency shift men should report directly to the 
Assistant Foreman, since this work will overlap the Shop 
and entire Field. 
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Staff Organization (see Fig. 5). The next division within 
the Department is the Engineering and Clerical Section. 
This group will maintain all departmental records includ- 
ing: personnel files, calibration data, drawings, specifica- 
tions, parts lists, catalogs, bulletins, etc. 

The Section will be responsible for maintaining stock of 
instruments, valves, and spare parts. 

This group will serve both Shop and Field crews in an 
advisory capacity where problems of design or difficulties 
in operations are encountered. This advisory service will be 
extended to Process, Engineering, Testing, Research, and 
other Divisions in the plant organization. 

It goes without saying that the Engineering Group must 
be interested in new developments, both in instrumenta- 
tion and in the operations peculiar to the industry. 

This group may also be charged with the responsibility 
of training the departmental personnel in the maintenance 
of new types of instruments. Its work may even extend into 
research and development on new instruments. Specially 
selected non-technical personnel may be assigned to the 
group when new and complicated instruments are being 
put into operation. This is especially true of electronic ana- 
lytical instruments. Too many otherwise competent Instru- 
ment Departments in all sections of the country are being 
found incapable of servicing such instruments as mass spec- 

Continued on page 1038 
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The Development and Maintenance of 
CALIBRATING STANDARDS 
by an Instrument Manufacturer 


By W. D. WOOD, Director, Standards Laboratory, Taylor Instrument Companies, Rochester, New Yor 


I. INTRODUCTION 


HE ABILITY of an instrument 
manufacturer to build accuracy 
into his product is considerably 
dependent upon the calibrating facil- 
ities available in the plant. These in- 
clude calibrating standards and cali- 
brating equipment. This article is con- 
cerned with calibrating standards. 
Since several instrument manufactur- 
ers produce similar types of instru- 
ments and since many users of instru- 
ments have standard instruments for 
checking their working instruments, it 
is believed that the practices followed 
by an instrument manufacturer are of 
general interest. 

For many years our company has 
found it expedient to take a rather 
rigid technical attitude towards its 
calibrating standards. The need for this 





is evident when it is realized that a " 
product can be no more accurate than 
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the standard against which it is cali- 
t iM od " » Thermometer and 
yrated. any production instruments Mueller Bridge iabieacery 
C.A. = 0.003°C > Reference 
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Fig. 1. Expanded Portion of Instrument Scale Illustrating é 


Repeatability, Sensitivity, and Scale Accuracy. 


are calibrated against a single standard 
so that an error in the standard is 
costly. 

In line with this policy we have our 
so-called “Bureau of Standards” which 
is the Standards Laboratory. One of the 
functions of this laboratory is to de- 
velop and maintain factory calibrating 
standards against which all product in- 
struments are calibrated. This depart- 
ment, in addition to being responsible 
for the accuracy of such standards, 
specifies what standards shall be used 
for what purposes and instructs the 
factory personnel in the proper use of 
the standards. Because of the technical 
character of the work and its close re- 
lationship with product performance, 
the laboratory is a division of the En- 
gineering Department. The personnel of 
the laboratory for this type of work in- 
cludes people who are trained both in 
physics and engineering. 


*Presented at the Fourth Annual Conference 
of the Instrument Society of America, Septem- 
ber 12-16, 1949, St. Louis, Mo. 
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II. PRINCIPLES OF SELECTING 
CALIBRATING STANDARDS 


The proper selection of a suitable 
calibrating standard for calibrating a 
particular product depends on certain 
inherent qualities of the standard in- 
strument and certain relationships be- 
tween the standard instrument and the 
product being calibrated. Five inher- 
ent qualities of a standard instrument 
determine its over-all quality for 
measuring purposes. I am concerned 
here with those qualities that relate to 
the performance of an _ instrument 
under steady-state conditions. Since in- 
struments are calibrated under es- 












dial pressure gage inches (of the « 
arc) per unit psi. The greats 
sitivity of the instrument jiec », 
easily can factors of scale ace) racy. ,, 
peatability and sensitiveness b¢ 4, 
termined. 

5. Drift: Changes with time th, 
may occur in any of the first thy 
factors. Generally, drift can be ¢, 
celled out in a calibrating standard | 
a periodic redetermination of the ot), 
factors. 

There are, of course, other facto. 
which relate to the utility of ay ; 
strument as a factory calibrating 4 
such as corrosion resistance, ease of , 
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Fig. 2. Temperature Standard Relationships. 


sentially steady-state conditions dy- 
namic characteristics are not of concern 
in calibrating work. The five inherent 
qualities of an instrument as a calibrat- 
ing device are defined as follows: 

1. Seale Accuracy: The maximum 
difference that occurs between the read- 
ing of an instrument and the true 
value of the variable which it measures. 

2. Repeatability: The maximum vari- 
ation that will occur in the indications 
of an instrument when the measured 
variable approaches the steady-state 
condition in any manner. 

38. Sensitiveness: The maximum 
change in the measured variable re- 
quired to cause a change in indication 
of an instrument. Sensitiveness is a 
measure of the amount of friction and 
play in the moving parts of an instru- 
ment. 

4. Sensitivity: The ratio of the 
change in indication per unit input 
change of the measured variable. In a 
glass thermometer this would be ex- 
pressed in inches per degree F. or in a 


eration, need for reading aids, etc. but 
these do not affect its inherent qualities 
as a measuring device. 

In the foregoing definitions the term 
“scale accuracy” is used rather thai 
just the word “accuracy” in order t 
differentiate between the scale error i! 
an instrument and the possible accur- 
acy of an instrument when corrections 
are applied, corrections being deter- 
mined by comparison with a consider- 
ably better instrument. The accuracy) 
of an instrument with corrections ap- 
plied is here termed “corrected ac- 
curacy.” Corrected accuracy is not an 
inherent quality but an instrument is 4 
more valuable standard if its errors 
are known. Corrected accuracy is de- 
fined herewith as the difference in th« 
mean indications of an instrument from 
the true value of the variable being 
measured with the correction applied. 

It is my feeling that a good calibrating 
standard is available from the stand- 
point of its measuring quality provided 
the foregoing five factors have the fol- 
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ing values which are expressed in 
s of the instrument scale: 
eoale Accuracy: Within two and pre- 
ably one division. — 
Repeatability: Within one-fifth of a 
enuitivencall: Within one-tenth of a 
ision. : 
sensitivity: Conveniently readable to 
tenth of a division. 

yrift: No change in each of the fore- 
ing factors greater than one-tenth 
a division in three months. 
‘orrected Accuracy: Within one-fifth 
a division. 
be ddilThe foregoing values can be simply 
strated by reference to an expanded 
thalii tion of an instrument scale. (See 
St thrall. 1. 

be cay + "dition to those inherent qual- 
lard [Keg which make an instrument a good 
€ Othefifandard, there is the relationship be- 
veen two of these inherent qualities 
nd the scale of the instrument being 
librated. These are (1) the sensitivity 
the standard should be at least five 
mes the sensitivity of the instrument 
sing calibrated; (2) the corrected ac- 
racy of the standard should be less 
an one-fifth of a division of the in- 
rument being calibrated. 
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U1. Tue ACHIEVEMENT oF ACCURACY 
IN STANDARDS 


It is of course not always possible to 
achieve either of the foregoing inherent 
ualities of the standard or to have 
vailable a standard for a particular 
ob with the relative qualities indi- 
fated. In practice, better conditions 
han these are sometimes achieved but 
n many cases standards selected on this 
basis are not obtainable. 

It is the trend among all users of in- 

justrial and commercial instruments to 
Wequire greater and greater accuracy. 
Wo keep up with this demand the in- 

strument manufacturer must not only 
tevelop instruments of higher accur- 
acy but he must be increasingly diligent 
Mo build better accuracy into his exist- 
Jing instruments, a situation requiring 
ontinual improvement in calibrating 
standards. 

The scale accuracy of a calibrating 
}standard depends upon its original cali- 
bration. The corrected accuracy is de- 
pendent upon intercomparison with a 
better instrument. Fundamentally, all 
instruments must relate to ultimate 
standards of accuracy such as are 
maintained at the National Bureau of 
Standards in Washington. 

As a manufacturer of instruments we 
have the choice of submitting. our 
standards to the National Bureau of 
Standards to obtain corrected accuracy 
or of making our own direct intercom- 
parison with ultimate standards such 
as fixed points in thermometry, U-tube 
e- [Hand ecathetometer in manometry, or 
he |@ (ead-weight testers in elevated pres- 
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m sure work. Because of the large num- 
ie ber of standards that we use it is ex- 

'® pedient to maintain our own laboratory 
g ‘eference standards against which the 
|. | @ ‘actory calibrating standards are com- 
d ; pared. The reference standards are 


. Pw cither submitted to the National Bu- 


reau of Standards for certification or 
compared by ourselves against ultim- 
ate standards. 

We have found it worthwhile to use 
certain types of standards as calibrat- 
ing standards in the factory and other 
types as reference standards in the lab- 
oratory. The relationships between a 
large portion of our temperature 
standards are illustrated in Fig. 2. 
This relationship covers the tempera- 
ture range for which the International 
Temperature Scale is defined by the 
platinum resistance thermometer. At 
the bottom of each box in the chart is 
given the corrected accuracy as we es- 
timate it for that class of standard. 

Our primary temperature standard is 














tester to the National Bureau of Stand- 
ards for certification unless extreme ac- 
curacy is required. Whether or not a 
dead-weight tester is within its guaran- 
teed accuracy can usually be checked 
quite readily by the user. The diameter 
of the piston can be checked with 
Johansson blocks and the weights can 
be precisely weighed. The need for re- 
ferring such a tester to the Bureau 
would only be where the greatest pre- 
c-sion is required. The Bureau's serv- 
ice would be to determine the effec- 
tive area of the piston at different pres- 
sures, 

In some instances it is necessary to 
utilize as calibrating standards instru- 
ments which have been certified at the 
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Fig. 3. Pressure Standard Relationships. 


and the Mueller bridge. The resistance 
element or “thermohm” is certified at 
the National Bureau of Standards at 
the oxygen, ice, steam, and sulphur 
points. The Mueller bridge is certified 
by us by intercomparing the resistance 
of its decades with a standard resistor 
certified at the Bureau. With the cer- 
tification constants and a reading on 
the bridge with the “thermohm”’ in a 
precision ice bath, an _ interpolation 
table is derived for the particular 
bridge and “thermohm” combination, in 
accordance with the International Tem- 
perature Scale relations defined by the 
Callendar and Van Dusen equations. 

In addition to the resistance ther- 
mometer as a laboratory reference 
standard it has been found expedient 
to utilize several precision thermom- 
eters graduated 0.2 F. and finer for 
certifying those working standards 
graduated 0.5 F. and rougher. The 
more accurate temperature calibrating 
standards, including direct-reading re- 
sistance thermometers and precision 
type glass thermometers, are certified 
directly against the laboratory primary 
resistance thermometer standard. 

Fig. 3 gives the relationship between 
pressure standards. In pressure work 
the U-tube and cathetometer serve as a 
reference for determining pressures be- 
low 25 psi. and the dead-weight tester 
for pressures above 25 psi. With a 
good U-tube and cathetometer set up on 
concrete ground floor with steady am- 
bient conditions, precise pressure meas- 
urements can be made utilizing basic 
physical relationships. It is not ordi- 
narily necessary to refer a dead-weight 


arises because the accuracy of the prod- 
uct is such that there is little leeway 
between the accuracy of the best avail- 
able standard and the product itself. 
Three types of our standards that fall 
into this category are anemometers, hy- 
drometers, and partial-immersion A. S. 
T. M. thermometers. These standards 
are known as like product standards 
because the standard both in range and 
dimensions is exactly like the product 
for which it serves as the calibrating 
standard. There is often not even a 
good approach to the desired relation- 
ship between the corrected accuracy of 
the standard and the allowable scale 
accuracy of the product. For instance, 
with some A. S. T. M. partial-immersion 
thermometers which are standardized 
at the National Bureau of Standards, 
the National Bureau of Standards gives 
corrections only to the nearest one-half 
division and the manufacturer is re- 
quired to produce an instrument accur- 
ate to one division or better. 

There is, however, one compensating 
feature in using like product stand- 
ards. The calibrating equipment does 
not need to be of as high a quality 
as that used in certifying the stand. 
ards at the Bureau since disturbances 
would be equally experienced by the 
standard and the product and there- 
fore cancel. Thus a manufacturer can 
use a relatively simple wind tunnel and 
yet calibrate his product in terms of 
the conditions of certification at the 
Bureau. Or with a partial immersion 
A.S.T.M. thermometer the manufac- 
turer’s calibrating liquid bath does not 
need to reproduce the emergent-column 
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point test. Any shift in the ice point 
is reflected by an equal shift at all 
certification points. Modification of the 
corrections accordingly is as good as a 
complete recertification of the ther- 
mometer. 

In a pressure standard such as a 
dead-weight tester or manometer, drift 
does not take place if there is no wear 
and components are kept clean. In a 
dial pressure gage standard, it is de- 
sirable to recertify at intervals of six 
months or one year, depending on the 
amount of use. 


IV. THE PROCESSING OF STANDARDS 

Calibrating standards are purchased 
or custom-built. They are then certi- 
fied against reference standards in the 
laboratory except in those cases where 
they are submitted to the National Bu- 
reau of Standards. They are next is- 
sued as needed along with a table or 
gvaph of corrections. Thereafter they 
are periodically checked to assure that 
initial accuracy is being retained. 

The documents written and the rec- 
ords kept in relation to these opera- 
tions serve to indicate the steps in 
handling calibrating standards. These 
are listed with their purpose as follows: 


1, Instructions Covering Policy: There is a 
write-up for each class of standard (thermom- 
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Fig. 6. Contact Barometer 
in Thermostated Cabinet. 


eters, hydrometers, anemometers, ete.) which 
covers the policy of the laboratory relative to the 
types of reference and calibrating standards 
maintained. It includes statements of certifica- 
tion and follow-up activities and indicates the 
types of records kept. This document informs 
interested persons in the company of the lab- 
oratory policy and serves as a directive to the 
laboratery personnel in processing that partic- 
ular class of standard. 

2. Standard Card: A reference card is filled in 
for each standard, giving description, identifying 
number, cost, latest certification date, etc. 

3. Instructions Covering Certification Proced- 
ure: These instructions give in detail for each 
class of standard the technique followed in com- 
paring calibrating standards with reference 
standards in order to obtain a set of corrections 
for the calibrating standards, 

4. Original Data: All original data taken in 
certification work are filed for future reference. 

5. Certificate of Corrections: A certiticate is 
filled in and filed in the laboratory listing the 
corrections at the various test points for each 
standard certified. These corrections when ap- 
plied to the reading of the standard give the 
value of the variable being measured. 


6. Graph or Table of Corrections: A graph or 
table of corrections is made up depending on the 
application of the standard. Such corrections are 
issued with all standards. For a glass thermom- 
eter which may be used at any point over the 
scale a smooth curve drawn through the test 
points provides the best correction form. A 
typical correction curve is shown in Fig. 4. 
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THERMOSTATED CABINET 


7. Follow-up Card: This card indicates the 
procedure followed in the periodic rechecking o! 
each issued calibrating standard. Fig. 5 illustrates 
a typical follow-up ecard for a glass thermomete, 
standard where an ice point check is made 1 
detect drift. 


V. SpeciAL STANDARDS 

A manufacturing company such a: 
ours has in continuous use a large num- 
mer of calibrating standards. Improve- 
ments in ease of manipulation or re- 
adability are advantageous if at th 
same time desirable relationships be- 
tween standard and product of sensi- 
tivity and accuracy can be achieved. W: 
have found it worthwhile to utilize spe- 
cial standards in several instances. 
Three examples of such developments 
are described. 


Fig. 6 illustrates a contact baromete: 
which is used to adjust the pressure i! 
a work chamber in which several barom- 
etric instruments are placed for cali- 
bration. The barometer is a glass cis- 
tern type instrument with tungsten con- 
tacts inserted along the upright les. 
The contacts may be inserted at inch 
or half-inch pressure steps. By flam- 
ing the seal between the contact and the 
























Fig. 7. Direct-reading Resistance Thermometer. 


glass the position of the contact point 
may be adjusted to a thousandth of an 
inch to eliminate scale corrections. The 
selector switch is set to the desired pres- 
sure and the operator adjusts the work- 
chamber pressure until she hears a 
isteady making and breaking (caused 
by equipment vibration) of the oscil- 
‘lator signal. The contact barometer is 
calibrated and used in a thermostated 
cabinet to eliminate the effects of 
ichange in ambient conditions. A par- 
ticular advantage of this standard is 
that an audible signal indicates the cor- 
rect pressure permitting the oper- 
ator’s visual faculty to be confined to 
the product. 
» Fig. 7 illustrates a direct-reading re- 
‘sistance thermometer. The resistance 
' bridge, platinum “thermohm,” and gal- 
vanometer are purchased. We mount 
the bridge in a thermostated cabinet so 
}that ambient changes will not affect 
bridge decade resistances. The advant- 
Jage of these instruments include long 
range and high sensitivity. With direct- 
reading dials an operator will rarely 
make an error in reading the standard. 
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I, INTRODUCTION 


A electrostatic generating volt- 
meter is often calibrated to meas- 
ure the potential difference be- 
tween two objects, from one of these 
objects, when their relative positions 
are fixed. More precisely, it is an elec- 
tromechanical device which measures 
the electric field intensity, in volts per 
meter, in the direction in which the in- 
strument is pointed. It may be used to 
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We have such standards with range 
spans up to 800 F. operating between 
—325 F. and 1000 F. Their sensitivity 
varies from 1 to 2.5 mm. galvanometer 
reading per hundredth degree F. Were 
16-inch glass thermometer standards 
of equal sensitivity used to cover a 500 
F. span, one would require about two 
hundred and fifty standards of suc- 
cessive ranges. Of course, glass ther- 
mometers that sensitive are not prac- 
tical but even for precision glass ther- 
mometers graduated in tenths of de- 
grees F., read with the aid of a tele- 
scope, approximately fifteen glass 
standards would be required to cover a 
500 F. span. 

Fig. 8 illustrates a floating-scale ma- 
nometer* mounted in a thermostated 
cabinet. The manometer consists of an 
upright tubular metal leg at the base 
of which a cylinder provides an annular 
cistern. The liquid in the tube supports 
a partly submerged float on which 
rests a length of square tubing. The 


*Design of floating-scale manometers described 
in detail in paper at Second I.S.A. Conference, 
Chicago, Sept., 1947. 


VOLTMETERS 


measure high d-c. potentials,! as a rug- 
ged electrometer,’ as as an aircraft po- 
tential indicator. It might be used to 
measure electrostatic potentials on in- 
sulated conveyor belts which transport 
materials in a potentially explosive 
suspension of dust. In such use, the 
generating voltmeter could be arranged 
to shut off the belt-drive motor when the 
belt potential exceeds a safe value. 
Numerous other similar applications re- 
quire a quick, safe means of measuring 
static charges or high potentials with- 
out drawing current from the potential 
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scale is engraved on the square tubing 
and the instrument is read through a 
window in the upright tube. The liquid 
used may be of mercury, tetrabromo 
ethane, or oil, depending on the range 
desired. Instruments with ranges of 30 
in. water, 150 in. water, and 25 psi. are 
used. Good sensitivity is obtained as 
scale lengths vary from 30 inches to 45 
inches. The singular advantage of this 
instrument is constant reading height. 
It can be mounted through a bench top. 
The instrument can be read by the 
operator in a seated position while cali 
brating a product instrument on an 
adjacent easel. 


ROCKET APPLICATIONS 
of Electrostatic Generating 


By JOHN F. CLARK, JR., Naval Research Laboratory, Washington 25, D. C. 


source. In 1946, the use of the electro- 
static generating voltmeter to measure 
aircraft potentials, which were corre- 
lated with precipitation static, was re- 
ported.* It seems reasonable that if 
corona is a problem on aircraft, it 
might be even more of a problem on 
rockets. 

By a suitable distribution of several 
electrostatic generating voltmeters over 
the rocket skin, it is possible to separate 
the field due to a charge on the rocket 
from that due to potential gradients al- 
ready existing in regions above the 
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earth. The instruments which have been 
developed since 1947 by the Ionosphere 
Section were intended for such use. Of 
the rockets fired at the White Sands 
Proving Ground since 1947, five V-2’s 
and one Aerobee were each equipped 
with at least one generating voltmeter. 
The principles and characteristics of 
the most advanced equipment are dis- 
cussed in this article. Results obtained 
during rocket firings will be reported 
elsewhere. 


II, THEORY OF OPERATION 


Fig. 1 shows a block diagram of the 
generating voltmeter. The rotor con- 
sists of six blades and rotates at the 
rate of 5000 r.p.m. It may be shown 
that if the input impedance is essenti- 
ally capacitive, then the peak-to-peak 
value of voltage developed across the 
input capacitance C, as the uncovered 
stator area varies from zero to A, is 
(KoAE)/C, where Ko is the permitiv- 
ity of free space (8.84X10-'! farads per 
meter), A is the total stator area 
(6.0X10-8 square meters), C is the in- 
put capacitance (1.0X10-'° farads), 
and E is the incident electric field in- 
tensity in volts per meter. Ko is a uni- 
versal constant, while A and C are con- 
stants of a given instrument. Thus, the 
peak-to-peak amplitude of the saw- 
tooth voltage is 5.3110 volts for a 
field of 1 volt per meter, and varies 
linearly with the applied electric field. 
The peak value of the fundamental 
component of the above voltage is 4/72 
of this value. Its frequency is 5000 
r.p.m. X 6 blades/60 sec. per min., or 
500 c.p.s. Consequently, the funda- 
mental component of the developed 
voltage equals 2.1510-4 E sin 1000 7t. 
Measured values of developed voltage 
are generally about 90% of the calcu- 
lated value above. The difference is 
probably due primarily to fringing of 
the electric field around the rotor. 


III. PHysIcAL CHARACTERISTICS 


Fig. 2 shows a view of the generating 
voltmeter head with its associated am- 
plifier and power supply. The entire 
equipment is powered by a 24-volt bat- 
tery. A dynamotor provides the plate 
supply voltage. Twelve-volt filament 
tubes are series-connected in pairs, to 
decrease voltage drops in the long con- 
necting cable between the head, which 
is often located in the midsection of the 
rocket, and the amplifier chassis, which 
is usually located in the nose section. 
The complete equipment weighs 17 
pounds and requires 100 watts of 
power at 24 volts. The head dimensions, 
total weight, and required power could 
all be materially reduced for other 
installations with such requirements. 
The instrument is built essentially in 
accordance with naval shipboard speci- 
fications regarding shock, vibration, 
and temperature variations. 

Certain conditions of vibration, ac- 
celeration, and temperature which exist 
in V-2 and Aerobee rockets may be of 
interest. The maximum steady acceler- 
ation of the V-2 is 6 to 8 g. Vibration 
in the warhead has been measured as 
approximately 0.01 inch maximum ex- 
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cursion at approximately 50 c.p.s. 
However, in the tail section near the 
motor, indirect evidence indicates much 
larger amplitudes. These considerations 
dictated the choice of the warhead as 
the most favorable location for the am- 
plifier chassis. On the other hand, me- 
chanical forces and stagnation tempera- 










reached a peak velocity i: 
3000 m.p.h. at an altitude . 
mately 100,000 feet. pa 1S 
ification 
IV. ELECTRICAL CHARACT! 
Several vexing problems 
countered in developing a sui 
trostatic generating voltmet 



















































































tures may be expected to be worse at since the equipment is unatt: 
> 
S4 
fot ROTOR : = 
| 
Brweg 1 ARE ITRDE _TELEMETE 2c 53 
| [FOLLOWER] AWPLITUC: = 
STATOR ; ) CHANNEL e 
gt 
! —— i 
Try mre] inst | tf secon] fren) 
TI For Lower AMPLIFIER] | AMPLIFIER] | AMPLiFicg| fe aw 
+ ——Ba 
’ “i 
T - | 
COMMUTATOR | ! 
: POLARITY] TELEMETERING 
CATHODE -}—>—o 
MOTOR | TFOLLOWER| POLARITY 
. CHANNEL 
24V. GENERATING VOLTMETER HEAD 1 AMPLIFIER CHASSIS 


Fig. 1. Block diagram of the electrostatic generating voltmeter. 


Fig. 2. The electrostatic generating voltmeter, showing the head, the connecting cable, and 
the associated amplifier and power supply chassis. 


the nose, where the first shock wave 
originates at velocities above Mach 1. 
For this reason the exposed heads were 
located in the midsection of the V-2. 
Conditions in the Aerobee are similar, 
except for an initially greater sustained 
acceleration due to the booster action, 
with correspondingly greater velocities 
at lower altitudes. At no time has there 
been any evidence of malfunctioning of 
the generating voltmeters due to these 
rocket flight characteristics, nor have 
the generating voltmeters caused any 
observable damage to the rockets. After 
one V-2 flight of 100 miles in altitude, 
both generating voltmeters were recov- 
ered undamaged, and were subsequent- 
ly re-used. On this flight, the rocket 



































ing normal use, the dynamic range of ff 
perhaps 1 to 10,000 volts per meter f 
must be compressed to the telemetering 
voltage range of 0 to 5 volts d.c., for f 
transmission to ground telemetering re- 
corders. Second, field changes must be 
followed accurately within perhaps 0.1 
second, owing to the rapid field changes 
which might be expected to accompany 
high rocket velocities. 

Referring to Fig. 1, the input cathode 
follower serves to transform the in- 
pedance presented to the input voltage 
to a lower value. The signal is ampli- |) 
fied by the first amplifier in the head | 
and then fed to the separate amplifier 
chassis. The second and third amplifiers 
increase the signal amplitude _ stil! 




















ner. The total amplification in the 
4 is a factor of 5. The maximum am- 
scation on the separate chassis is ap- 
oximately 2000. AVC voltage de- 
Joped at the grid of the third ampli- 
r is used to control the gain of the 


conjunction with the commutator, oper- 
ates as a synchronous amplifier. In ef- 
fect, either a positive or negative peak 
of the amplified signal, depending on 
the polarity of the applied electric field, 
is momentarily switched to ground at 
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econd amplifier, and is also fed 
rough the amplitude cathode follow- 
r. It is the time constant of the AVC 
Iter circuit which determines the over- 
ll time of response as 0.1 second, 
hich is 5 RC constants. The amplitude 
athode follower provides an accurate 
dication of larger field strengths, 
rom 50 to 10,000 volts per meter, as 
hown in Fig. 3. The third amplifier, in 
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Fig. 3. Typical calibration curves of the electrostatic generating voltmeter. 
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the same instant of each cycle, by the 
commutator. The a-c. component of the 
resulting pulsating voltage is filtered 
by an R-C network at the grid of the 
polarity cathode follower. This circuit is 
a peak-reading voltmeter which gives a 
reliable. measure of the amplitude of 
small fields, from 1 to 50 volts per 
meter, and of the polarity of any field 
strength greater than 1 volt per meter, 


as shown in Fig. 3. This type of calibra- 
tion is accomplished by means of a cali- 
brating plate placed parallel to the 
stator assembly. The impressed electric 
field is determined by dividing the ap- 
plied calibration voltage by the spacing 
between the stators and the calibrating 
plate. 

The accuracy to be expected from 
such a device depends largely on its in- 
tended application. For the present pur- 
pose, an extended dynamic range is far 
more important than accuracy better 
than perhaps 5 percent absolute. On the 
other hand, for a restricted dynamic 
range and with special attention to 
calibration procedures, absolute accur- 
acy of better than 1 percent should be 
readily attainable. 
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Some Application Factors Affecting the 
Regulation of pH zu Industry 


By ALLEN L. CHAPLIN, Consulting Engineer 


VI. SOME TYPICAL AND APPROVED pH CONTROL 
INSTALLATIONS. 


(Continued) 


(C) 

At the Fourdrinier paper machine pH control presents no 
major difficulties beyond physical limitations. Buffer index is 
low and compensates for many objectionable conditions 
which would otherwise make control difficult. The major 
source of trouble is equilibrium lag; in fact it is almost the 
only condition which must be reckoned with and the problems 
of application are primarily concerned with avoiding it. 

Figs. 65 and 66 are typical examples of control applica- 
tions under representative conditions of machine layout. 

Fig. 67 is another typical layout and is presented here 
to bring out a very important condition existing at the ma- 
chine. Ordinarily, the purpose of regulating pH at the ma- 
chine is to establish optimum pH at the wire for flocculation 
and drainage, etc. It is not possible to regulate pH directly 
at the wire for several reasons pertaining to equilibrium lag 
and it is necessary to go back farther in the process for 
application of the regulator. pH at the wire is not the same 
as pH at other points in the system and allowances must be 
made for the difference. In other words, the regulator set- 
point must be adjusted appropriately to maintain desired pH 
at the wire. The graphs included in Fig. 67 indicate the re- 
lationship between pH at the stuff box and electrodes for one 
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Fig. 65. Approved pH control layout at Fourdrinier paper machine. 


rec Ay FOVRDROWER PAPER vac Nt 
OF OPEN WHITE WATER SY STEW. 







FOURDR INNER MACHINE 


_ 
) 








——»—-— 














| |conTe 
ELEC TRODE S 





Fig. 66. Schematic illustration of approved installations of pH control 
at Fourdrinier paper machines. 
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specific machine installation. The relationship is ; 
and the magnitude of compensation required depe 
actual setting of the regulator set-point. 


Note also the behavior of concentration gradie: 
various points indicated on the machine layout in F 
is particularly significant that although pH is cont 
5 pH at the electrodes (point “D”), it increases to 
librium value of 5.6 pH at the head box (point “E”). This 
not an unusual condition and is not characteristic on), 
the paper machine. It is characteristic of all continuo, 
processes which, as before said, are distance-conce) tritj, 
systems. The concentration of one constituent is constant , 
any point in the process with respect to time but changes 
magnitude with forward displacement. Figs. 68 and 69 jl|ys:. FF 
trate how this general condition applies to a paper-makiny 
process. The addition of alum to the beaters has the effer [F 
(among other things) of adjusting pH of the “furnish.” 4 
pulp moves out of the beater and on through the process, jt 
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Fig. 67. Typical paper machine control layout showing effects of CON- 
CENTRATION GRADIENT and relationship of machine pH variations 
with influx load changes. 





H changes. For example, a 4.0% alum “furnish” yielded a 
H of 4.9 at the Jordan engines, 6.0 at the machine and 6.5 at 
e tray. pH (concentration) remains fairly constant at these 
espective points but changes, as indicated, with forward dis- 
lacement. The importance of this concept cannot be over- 
tressed in the analysis of any continuous process. 

The points on the curves of Fig. 68 represent the general 
verages of a large number of measurements made simul- 
,neously at the points indicated. The figure is representa- 
‘ve of a special process and is not necessarily characteristic 
f all paper mills. It is not ordinary practice to operate at 
he high pH ranges of the process represented; but, irre- 

tive of actual pH values obtained, all continuous pro- 
ssses behave in this manner with respect to some one con- 
tituent. The spread of pH differences is smaller for most 
paper processes and may be larger for others, but each will 
ave a characteristic spread. 

It is of further interest to note the difference in rate 
hange at the three points indicated as evidenced by differ- 
nces in slope of the curves. This simply means to the control 
ngineer that a pH regulator applied at one point in a con- 
jnuous process will not react at the same rate change as it 
ould at another point in the system. If a regulator is ap- 
plied at one point, as a matter of convenience or necessity, 
» control pH at another point, it may not necessarily 
ontrol at the same pH desired at the remote point; and, 
urthermore, since the process responds at different rates 
rith forward displacement, the control band at the regulator 
js not necessarily representative of band width at the remote 
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point. 
The impracticability of measuring and/or regulating pH 
at the wire necessitates remote installations as indicated in 
Sthe many diagrams. In some cases, it is customary practice to 
base operations on tray-water pH but this is not fully rep- 
resentative of wire conditions, nor is it advisable to instail 
electrodes at this point and regulate reagent feed to the head 
J box or screen because of equilibrium lag resulting from pre- 
J ferential absorption of acid constituents, by the pulp fibres 
as described in connection with Fig. 27. 
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Fig 68. Effect of process displacement on pH control. pH may be 
regulated satisfactorily at one point in the process but fundamental prin- 
ciples of CONCENTRATION behavior may cause the effect to change at 
succeeding points in the system. 
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Fig. 69. Extension of pH relationship illustrated in Fig. 68 to points 
beyond the machine. Characteristic reverses at machine wire, and extracted 
paper pH drops below head-box pH and increases only slightly with increas- 
ing machine pH. 
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Fig. 70. Control of pH of typical high-residence beet sugar sulphitation 
process. 


(D) 

Sulphitation of beet-sugar juice presents an interesting 
control application. This process is being largely replaced 
by more modern ion-exchange methods which also require 
pH contrel but only the sulphitation process will be de- 
scribed at this time. 

Neglecting other instrumentation required for flow and 
temperature control, etc., the pH application illustrated in 
Fig. 70 is typical. Raw sugar juice enters at the top of a 
packed column and trickles downward counter-currently to 
uprising SO. gas; a scoop collects a sample of gassed juice 
for the electrodes. Flow of gas through the tower is effected 
by controlling a blast of air through the nozzle of a Venturi 
in the stack; and changes in stack draft enrich the incom- 
ing gas by pulling more air through the rotary sulphur 
burner. 

Notwithstanding the crude control of gas concentration 
and the large supply-side capacity lag, the stability of pH 
control is good because of low buffer index of sugar juice. 
The major limitation of this application lies in the high-tem- 
perature juices which necessitate frequent electrode mainte- 
nance. 

Fig. 71 is a schematic illustration of another beet sugar 
sulphitation process having supply-side capacity lag similar 
to the first. The sulphur stove is a closed unit and concen- 

Continued on page 1040 
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Frequency-monitoring System for Interval Timers 


WASHINGTON, D. C.—A frequency 
monitoring system devised by R. E. 
Gould and H. A. Bowman of the Na- 
tional Bureau of Standards now pro- 
vides a means by which any Bureau lab- 
oratory may obtain the prbdper correc- 
tion to be applied to a commercial in- 
terval timer driven by the city power 
line. The system, which depends on a 
frequency error indicator designed at 
the Bureau, is simple and straightfor- 
ward in application, offering a minimum 
of opportunity for error in the correc- 
tion given. 

Interval timers driven by synchronous 
motors connected to the power line are 
widely used in science and technology 
for timing radiation counters, fluid flow 





Fig. 1. Close-up of the NBS frequency monitor- 
ing device. The cumulative error is obtained by 


comparing the speeds of the two small b!ack 
synchronous motors (just right of center), one 
driven by the power line, the other by a standard 
crystal-controlled frequency. Any difference in 
the speeds of the two motors results in motion 
of the differential gear mounted on the shaft be- 
tween them. The position of this gear shaft at 
any instant thus depends upon the total accum- 
ulated frequency error in the power line at that 
instant. The shaft is connected to the indicating 
dials. A transmitter Selsyn (center right) trans- 
mits the angular motion of the differential gear 
shaft to a receiver Selsyn (not shown) which 
operates the recorder. The power amplifier in 
the foreground amplifies the Bureau’s crystal- 
controlled standard frequency to drive the stand- 
ard motor. 


NBS 
whereby any Bureau laboratory may obtain the 
proper correction to be applied to a commercial 


Fig. 2. frequency monitoring device 


interval timer driven by the power line. The 
cumulative error may be read, both at the be- 
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in hydraulics, viscosity measurements, 
chemical reactions, ballistics experi- 
ments, and high-speed photography. Yet 
one serious disadvantage in their use 
has been the error caused by variations 
in the frequency of the current in the 
local power system. Use of a frequency 
error indicator has eliminated this dif- 
ficulty at the Bureau; similar devices 
should prove of advantage elsewhere. 

The Bureau’s design makes use of the 
difference in speed of rotation of two 
60-cycle synchronous motors, one driven 
by the power line and the other by a 
standard crystal-controlled frequency. 
The two motors are connected to a dif- 
ferential gear system. The angular ve- 
locity of the differential gear shaft thus 
depends on the departure of the power 
line frequency frem the standard fre- 
quency. Two standard frequencies would 
hold the gear shaft motionless. The po- 
sition of this gear shaft at any instant 
depends upon the total integrated fre- 
quency error of the power line at that 
instant. This shaft is connected to in- 
dicating dials which are calibrated to. 
give the cumulative error in seconds 
and hundredths rather than in cycles 

In practice, the individual at the Bu- 
reau who wishes to time an experiment 
may call the Bureau’s time laboratory 
both at the beginning and end of the 
experiment to obtain the correction 
given on the dials of the error indicator. 
The initial and final corrections, each 
a positive number, are then added to 
the initial and terminal observations, 
respectively, of the interval timer that 
is used. The difference between these 
two sums is the actual duration of the 
interval measured. Since the cumulative 
error seldom drifts faster than 0.3 sec- 
ond per minute, the correction received 

















ginning and end of an experiment, from the two 
dials in the panel board; or, if desired, a com- 
plete charting of the frequency variation over the 
time interval may be made on the automatic re- 
corder at the left. 


POSTWAR RADAR applications inclu& 
use of centimeter waves for gas analysis and 
for meteorology (automatic cloud-height re 
cording, etc.). Automatic transmit-receiy 
switch, vital to these radar equipments, : 
shown above hand of laboratory worker a 
she tests it in waveguide system.— (Phot 
courtesy Sylvania Electric Products Inc.) 


by any Bureau laboratory in this wa 
is precise within a few thousandths o/ 
a second. An automatic recording d 
vice operated in conjunction with th 
system provides a complete charting o/ 
the frequency variation over the tiny 
interval when desired. 


Engine-noise-study 
Instrumentation 


CHICAGO—By putting noisy engines 
into a padded cell and studying what 
parts are responsible for the nerve 
wracking decibels, scientists at Illinois 
Institute of Technology learn how to r 
duce engine noise by as much as 50) per 
cent. 

Wilson P. Green, professor of me 
chanical engineering at the college, has 
designed a double-walled engine noise 
test room where he can make accurat 
sound measurement. Believed to be the 
only such room in existence, it is built 
on a four-inch platform of soft rubber 
and lined with a six-inch thickness of 
fireproof fiberglass. 

“We measure the loudest part first, 
usually the exhaust, reduce it, and then 
go on to the next loudest,” Green ex 
plained. “Every gear, piston, and othe! 
moving part is carefully checked and 
muffled. To measure some specific com 
ponent, such as exhaust noise, engines 
are placed outside the room with the ex 
haust piped into the cell through sound 
insulated ports. Only the exhaust noise 
is heard within the room.” 

Green’s noisy patients have ranged 
from a 20-lb. 1-hp. lawn mower to 4 
200,000-lb., 2,000-hp. diesel. A combina 
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on of camera, magnetic recorder, and 
snd analyzer chart the over-all noise; 
4 the engine is then stripped so that 
, mechanical part, operating separ- 
iy, can be studied for noise reduction. 


ICI Standard Observer 


for Colorimetry 


WASHINGTON, D.C.—Recent work 
the National Bureau of Standards in- 
ieates that the “ICI Standard Observ- 
” that is, the fundamental data on 
slor mixture that have since 1931 been 
scepted internationally for interpret- 
ng colorimetric measurements, may 
sed to be revised. This work corrobor- 
tes findings from three other labora- 
tories in this country, Harvard Medical 
School, Eastman Kodak Company, and 
National Lead Company. 
Modern colorimetry depends upon de- 
pmposing the light entering the eye 
the observer; or breaking up this 
light into its spectral components — as 
vton first did with a simple prism. 
he spectral transmittance of standard 
filters and the spectral reflectance of 
opaque color standards are measured by 
means of the spectrophotometer. Since 
its reeommendation in 1931 by the Inter- 
ents i national Commission on Illumination, 
rker a: an me standard way of interpreting such 
(Phot 4 Spectrophotometric information has been 
Inc.) by way of the body of fundamental data 
on color mixture known as the 1931 ICI 
Standard Observer. These data have 
achieved world-wide acceptance. 


include 
ysis and 
right re 
“TeECe ive 


5S Way 
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ig de Considerable interest was therefore 
h the . aroused by a report from the Titanium 
ing of fe Division of the National Lead Company 

time that the ICI Standard Observer was not 


adaptable to the colorimetry of titan- 
ium-pigment paints. A. E. Jacobsen 
found that, when the well-known near- 
white anatase and rutile titanium diox- 
| ide pigments were incorporated in a 
) paint vehicle, they yielded colors that 
S could be distinguished by eye. However, 
Ses = spectrophotometric data reduced by 
means of the ICI Standard Observer 
indicated that the colors were the same. 
He suggested that the ICI Standard Ob- 
server weighs too lightly the spectral 
region below 430 millimicrons. 
As the first step in a study of the 
phenomenon by Dr. Deane B. Judd of 
the Bureau’s photometry and colorimet- 
@ vy laboratory, a pair of these titanium- 
the pigment paints was examined by seven 
@ observers. Four of the seven corrobor- 
ated Jacobsen’s conclusion; three agreed 
closely with the SO. A modification of 
@ the SO was then derived, based upon 
1} the spectral luminosity determinations 
% of Gibson and Tyndall at the National 
) Bureau of Standards and of Wald at 
the Harvard Medical School. The modi- 
'® ‘ied observer was shown to account 
® largely for the observations of the 
' group of four observers that disagreed 
with the SO. Since this work, the Gib- 
son-Tyndall-Wald data on spectral lum- 
inosity have had striking corroboration 
by Weaver of Eastman Kodak; his re- 
sults likewise indicate the standard lum- 
inosity function to be too low in the 
rhort-wave extreme of the spectrum. 
e 
i 
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Tristimulus values of the spectrum according to the ICI Standard Observer compared with the 
modified observer devised at the National Bureau of Standards. These curves give for each part of 
the spectrum the amounts of the red (X), green (Y), and blue (Z) primaries required to duplicate 
the color. For example, the color of the spectrum at 600 millimicrons is duplicated by about 1.05 
units of the red primary, about 0.70 units of the green primary, and practically none of the blue. The 
(Y)-function is the standard luminosity function. The shift of emphasis in the modified functions to- 
ward the short-wave extreme of the spectrum is clearly shown. 





WHEN A FELLER NEEDS CONTROL By Phil Putnam 





I KNOW THIS FLOWMETER 
15 OFF! I'VE GOT THAT 


VALVE OPEN EXACTLY LOOK BUD! THIS VALVE HAS 

2% TURNS AND THE MORE PLAY IN IT THAN THAT 
METER SHOULD READ BLONDE YOU WERE OUT WITH 
2500 GPM! LAST NIGHT! THAT'S WHY WE 





WH PUT FLOWMETERS IN —-TO 
Y TELL US WHAT iS REALLY 
GOIN’ THROUGH TH’ LINE. 

















IDEA BY 
TK. 60ULD 
LONGVIEW FIBRE CO 
LONGVIEW, WASH. 














Instruments pays $5.00 for each idea used, Sender's name and company affiliation will be acknowledged 
in the cartoon unless we are specifically requested not to do so. Address Cartoon Dep't, 
Instruments, 921 Ridge Ave., Pittsburgh 12, Pa 


November 1949—Jnstruments—Page 1013 








The Month’ 






Air-operated Controllers 


New “Series 500” air-operated con- 
trol instruments for temperature, pres- 
sure, flow, liquid level, humidity, and 
pH have calibrated control actions. Re- 
set rate, derivative time, and propor- 
tional band adjustments are calibrated 
and reproducible. Controllers have only 





one service adjustment; can be com- 
pletely disassembled and, after being re- 
assembled with replacement parts, only 
one adjustment is required to put sys- 
tem in exact calibration. All reset con- 
trollers are equipped with reset action 
stops. New instruments are offered in 
five types of control action: on-off, pro- 
portional, reset, derivative, and reset 
plus derivative; are readily convertible 
from one type to another.—The Bristol 
Company, Waterbury, Conn. 

Mention No. 1101 when filling out card. 





Force-measurement Unit for 
Dynamometer 


New “Uni-Beam” unit will measure 
force applied in opposite directions, 
such as dynamometer applications, 
without use of knife edge bearings or 
reversing linkage with an accuracy of 
0.1 percent. Unit can be easily installed 


tir 
J 


549 
on almost any type of force-producing 
machine, either as a replacement of 
worn or unsatisfactory measuring de- 
vices in the field, or on new equipment 
installations. Sketch illustrates basic 
action as applied to a dynamometer. In 
rotation direction A, load is applied at 
X on measuring unit T. In rotation 
direction B, load is applied at Y 
through tension fulcrum F to T. Unit 


DYNAMOMETER 
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In this department we report each month new devices for measurement. inspection, 
testing, metering and automatic control — in the form of concise technical descriptions. 


FOR FURTHER INFORMATION USE THE POSTAGE-FREE ORDER CARD ON PAGE |. 


design and operation permits use of 
remote indicating gages, recording de- 
vices, multirange indicators.—Link En- 
gineering Co., 13845 Elmira Avenue, 
Detroit 27, Mich. 


Mention No. 1102 when filling out card. 


Sulphur-compounds 
Recorder 


New “Model 26-102 Titrilog,” for con- 
tinuously recording concentration of 
oxidizable sulphur compounds, in con- 
centrations as low as 0.1 ppm, in a gas 
stream or atmosphere, utilizes principle 
of continuous reaction between electro- 
lytically generated bromine and reac- 
tive compounds to a potentiometric end 
point. Rate of bromine generated is 
automatically controlled to equalize it 





to rate of absorption of reactive gas. 
Generating current, therefore, is a 
function of sulphur compound concen- 
tration. Fluid absorbers permit selec- 
tive recordings of compounds of specific 
interest. There are three in standard 
model and they may be set te operate 
automatically on any desired sequence. 
Response to concentration changes is 
such that maximum titration levels 
are reached in 20 seconds. Instrument 
is extremely sensitive, yet its features 
include adjustments permitting titra- 
tion of sulphur compounds over a wide 
range of concentration. Accuracy of 
quantitative measurement varies with 
different compounds titrated. However, 
if calibrated with compounds of inter- 
est, accuracies well within 5 percent are 
obtainable. Operation is on 60-cycle, 
115-volt power, requiring approx. 6 
amps.—Consolidated Engineering 
Corp., Pasadena 4, Calif. 


Mention No. 1103 when filling out card. 


Centrifugal-type Dust 
Classifier 


New Centrifugal Dust Class 
grain size analysis makes it po;-jh|. , 
accurately grade dust particle- }¢| 
60 microns without influence of | na 
equation. Operation: dust is jnt,, 
duced through a rotary symnictrica 
slot into a spiral-shaped air curren 


579 


flowing towards its center. In order to 
gain a gentle treatment of the material 
and a practically frictionless air cur- 
rent in decisive zone of sifting space, 
the whole sifting chamber is caused t 
rotate. One part of the dust will her 
be accelerated by centrifugal fore 
against periphery; and the other car- 
ried by air current towards center 
Fraction sifted away is collected on stop 
flange of rotor and is easily removed 
for microscopic examination. Appara- 
tus is empirically calibrated and grain 
size limits are easily altered. Unskilled 
nontechnical operators are preferably 
used. No difficult measurements or cal- 
culations are needed. A complete classi- 
fication into eight fractions takes less 
than two hours.—Manufactured by AB 
Enkopings Verkstader, Sweden; tem- 
porarily distributed by Sandvik Saw & 
Tool Corp., 47 Warren St., New Yor 
im Xz. 

Mention No. 1104 when filling out card. 





Temperature Test Chamber 


New “Model TC-1” temperature test 
chamber consists of a sealed inner 
chamber and outer cabinet of welded 
dual construction. Cooling is carried 
out by dry ice; heating by a strip heater. 
Forced air circulation takes place at 
all times. Thermostat control, balanc- 
ing heat against dry-ice evaporation, 






























































ai any temperature between 
ul -_ oy F. Chamber accepts 
load volume of 600 cubic inches and 
weight capacity of approximately 10 
bs. Weight is 63 lbs. and dimensions 
‘ 16.5 x 12 in.—Statham Labora- 
ais. Ine., 9328 Santa Monica Blvd., 
Beverly Hills, Calif. 
Mention No. 1105 when filling out card. 





Radiation Pyrometer 








ust New “Pyrovisor” radiation pyrometer 
Nj; designed for indicating, recording, 
*., controlling temperatures up to 4000 
De} 
Perso; a 
Ss Intr 
Metrica 
‘ ren 
579 


F. in furnaces and kilns. Temperature- 
sensitive head is mounted on outside of 
furnace or kilns, away from hot zone, 
and picks up radiant energy emitted 
from surface of object under measure- 
ment. Extremely rapid response is 
claimed as its outstanding feature: 
99 percent response to a temperature 
change within one second.—The Bristol 





der to 


teria] ; 
* eur. Company, Waterbury 20, Conn. 

space, Mention No. 1106 when filling out card. 
ed ti 








_ Conductivity Bridge for 
car- Hydrochloric Acid 
fo New “Model RD-20C Solu-Bridge” 
bem covers range 1-20 percent HC! and con- 
sare. tains a manual temperature compen- 
rrain sator of range 64-190 F. Bridge is line- 
‘illed operated and incorporates a 3000-cps. 
ably bridge source oscillator.—Industrial In- 
nal struments, Inc., 17 Pollock Ave., Jersey 
baal, City 5, N. J. 
oa Mention No. 1107 when filling out card. 
AB 
yt Monochromatic Light and 
"ork Optical Flat 
New “Lapmaster” optical flats and 
rd. monochromatic lights permit checking 
flatness accuracy to less than one light 
band (0.0000116 in.). ‘“Lapmaster” 
Pr Monochromatic Light provides better 


than 25 foot-candle-power illumina- 
tion on checking surface. Its helium- 
filled tubular-light is recessed into cover 
and diffuses light through a flashed 


opal diffusing glass. Light transmitted 
is a strong, near one-color light of 11.6 
microinches per dark interference band. 
Optical flats are of natural quartz, 
highly transparent, abrasion resistant 
and will withstand thermal shock. Flats 
of 0.1 and 0.2 light-band accuracy (1.16 
and 2.32 microinches are standard. 
Available sizes up to 6-in. diam.—Crane 
Packing Co., 1800 Cuyler Ave., Chicago, 
Til. 


Mention No. 1108 when filling out card. 


Multiple-point Pyrometer 
Indicator 


New “Model 10252” multi-point py- 
rometer and quick-coupling-connector 
panel assembly is designed for indicat- 
ing temperatures from one to. six 
thermocouple locations at operating 
ranges from 75 to 400 F., 1000 F., 1600 
F. and 2300 F., and minus 300 to plus 
300 F. or equivalent Centigrade scales. 
Calibrated for iron-Constantan, Chrom- 
el-Alumel or copper-Constantan, new 
indicator assembly is automatically 
compensated for cold-junction temper- 
ature changes and instrument tempera- 





ture-resistance coefficient. Scale is 3.17 
inches long and movement housed 
in a removable Bakelite case. Polar- 
ized quick-coupling plug connects py- 
rometer to any of six thermocouple 
jacks. All plugs and jacks are of 
thermocouple materials, thus eliminat- 
ing errors produced by connections 
made of different and unmatched ele- 
ments. Connector panel is 5.75 in. 
wide by 9 in. high and can be mounted 
flush on larger instrument panel boards. 
Thermo Electric Co., Inc., Fair Lawn, 
Ni 2 
Mention No. 1109 when filling out card. 


is 





Buffer Solutions for 
Calibrating pH Instruments 


New buffer solutions for calibrating 
any pH instrument have nominal pH 
values of 4, 7, and 9; actual, 4.01, 
6.86, and 9.16 at 25 C. Solutions are 
supplied in 1-pt. unbreakable non-con- 
taminating re-usable polyethylene bot- 
tles on which are printed pH-tempera- 
ture calibrations from 0 to 60 C. Buffers 
are made, and checked after bottling, to 
National Bureau of Standards specifi- 
cations.—Leeds & Northrup Co., 4934 
Stenton Avenue, Philadelphia 44, Pa. 

Mention No. 1110 when filling out card. 


Hand Refractometer 


New pocket-size refractometer, de- 
signed especially for fruit and vege- 
table growers and processors, de- 
signed to read total dissolved solids 
content directly to one-tenth of one 
percent with either transmitted or re- 
flected light. On-the-spot inspection to 
determine quality of fruits and vege- 
tables during ripening stage or juices 
and beverages before or after canning 
or bottling may be made over a range 
of 0 to 25 percent. A built-in tempera- 
ture correction thermometer, graduated 


is 





in percentage of total dissolved solids, 
obviates referring to correction tables 
when temperatures other than stand- 
ard 20 C. are present.—Bausch & Lomb 
Optical Co., 635 St. Paul St., Rocheste) 
Ss. 2 « 


Mention No. 1111 when filling out card. 


Instrumentation Motor 


New “Type 6T60” laboratory vari- 
able-speed motor and control has 0.05- 
hp. d-c. shunt wound gear-head-style 
motor. Control uses five thyratrons in 
cascade to operate motor at 300-4000 
rpm. with a reduction of 20:1 to gear 
shaft. Motor is reversible and can be 
run continuously. At 300-1800 rpm., 
torque is constant, and from 1800-4000 
rpm., hp. is constant. For 115-volt 60 
cps. single-phase.—Gerald K. Helle) 
Co., 1530 Ridgely St., Baltimore 30, Md. 

Mention No. 1112 when filling out card, 


Stroke-type Electric Power 
Unit 

New “Electrothrust” power units are 

capable of applying pressures up to 

several tons for operations requiring 


5A0 





pressure, impact, or impact followed 
by pressure, with strokes from a frac- 
tion of an inch to several inches in 
length. Types of work for which units 
are suited fall into two categories: (1) 
work requiring an increasing force, 
up to tons, over a fraction of an inch 
and with maximum at end of this short 
stroke; (2) a thrust of 100 Ibs. or less 
exerted over strokes up to about 8 
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automatic machines for read- 
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inches. Of cylindrical cast electrical- 
steel construction, units operate from 
any a-c. lighting circuit. Model illus- 
trated is 9 inches in diameter, 5 in. 
long and develops a maximum pres- 
sure of 6,000 pounds.—Black & Web- 
ster, Inc., Needham 92, Mass. 


Mention No. 1113 when filling out card. 


Portable Electric Tachometer 
and Cutmeter 


New “M1200-F” electric tachometer 


and cutmeter assures accuracy of better 
than one-half percent of full-scale value 
in measuring either surface speeds or 
shaft speeds over ranges of 0 to 5,000 
fpm. or 0 to 25,000 rpm. Standard cable 
and 


connecting generator indicator 





live d 


may be lengthened to 500 feet. Labora- 
tory type indicator has 4 overlap- 
ping speed ranges. Two styles of driv- 
ing points, an extension shaft, and cut- 
meter wheel are supplied.—Electric 
Tachometer Corp., 2218 Vine St., Phila- 
delphia 3, Penna. 

Mention No. 1114 when filling out card. 


Pressure Controller 


New “No. 1500 Pilot” is a pressure 
controller for the following types of 
service: (1)pressure reducing, (2) 
back pressure, (3) pressure relief, (4) 
vacuum, (5) vacuum relief, (6) pump 
governor regulation and (7) boiler fuel 
governor. Increased accuracy is re- 
portedly due to use of a sensitive helix 
spring rather than conventional “C” 
gage spring. For temperature control, 





spring may be replaced by a thermal 
element. Other features include: indi- 
cator and calibrated scale showing set 
pressure, adjustment of set pressure 
and throttling range without use of 
tools, change from direct to reverse ac- 
tion without disturbing pressure con- 
nections and without tools. Mounting 
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bracket allows installation directly over 
valve being controlled or remotely, 
either surface-mounted or flush-panel 
mounted.—MacAlear Mfg. Co., 1901 
S. Western Ave., Chicago 8, Ili. 

Mention No. 1115 when filling out card. 


High-gas-temperature 
Indicator 


New “Model 263 Gas Temperature 
Indicator” is improved version of 
“Unit 263” fully described, with three 
illustrations, in our May 1948 issue, 
page 418. It permits measuring gas 


temperatures to more than 5000 F. A 
small sample of gases is obtained by 
means of a water-cooled stainless-steel 
probe (which may be manipulated to 
obtain a temperature traverse of gas 
Sample 


stream). passes through a 





small iridium orifice, is cooled and 
passes through a second orifice and 
a manually-operated pressure-reducing 
valve to atmosphere. By adjustment, 
pressure drop across iridium orifice 
will be a linear function of absolute 
temperature of gases being measured. 
A differential-pressure gage connected 
across iridium orifice then indicates this 
temperature.—West Coast Div., Fair- 
child Camera & Instrument Corp., 53 
W. Union St., Pasadena, Calif. 

Mention No. 1116 when filling out card. 


Thermometer Package 


New package for glass thermometers 
is designed to reduce breakage, sim- 
plify inspection and testing, and speed 
identification of contents. All maker’s 
A.S.T.M. and Standard Grade ther- 








mometers are now shipped 
boxes, where they are held in 
cardboard spacers. All are 
visible when box is opened, car 
be removed after cardboard 
lifted free of box. New packag 
permits quick identification of 
when thermometers are sto 
shelves.—C. J. Tagliabue Co) 
(N. J.), 614 Frelinghuysen 
Newark 5, N. J. 

Mention No. 1117 when filling 0, 


Miniature Recorde: 


New line of recorders for teipe, 
ture, pressure, and electric ope ratio, 


are available in two series: “Series | 
5.25 x 5.25 x 2.25 he 


dimensions 





weight 2 lbs., equipped with 24-hou 
spring-wound clocks or _ synchronous 
motors for certain types. “Series II” 
dimensions 6.25x5.25x3.5 inches, 
weight 3.5 lbs., equipped with 7-day 
clock or synchronous motor. Five types 
offer flexibility in temperature measure 
ments between —50 and 600 F., in pres. 
sure measurements from vacuum t 
600 psi, and in electrical operations 
recording for which a resistance of less 
than 1 ohm is introduced by recorder 
coil in series operation. Combination 
temperature and electric-operation two. 
pen recorder is also available.—Th: 
Dickson Co., 7420 Woodlawn Ave., Cl 
cago 19, Ill. 

Mention No. 1118 when filling out card 


Vibration Frequency Pick-up 


New “Vibratab” is a vibration fre 
quency pick-up the size of an aspiri! 
(0.31 


tablet inch) and weighing less 





than a gram. It will fit into restricted 
spaces hitherto inaccessible and its light 
weight permits accurate “testing of 
highly sensitive test structures” without 
danger of influencing vibration char 
acteristics. It has a life expectancy of 
100 to 300 hours and will respond to 
acceleration frequencies from 8 to over 
2000 cps. Makers of “Vibratab” an- 
nounce that they also design and manu- 
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automatic machines for read- 
counting graphical data from 
film or tape records, which will 
ly read and record, at a great 
ime, oscillogram records pro- 
“Vibratab.”—Telecomputing 
2901 Hollywood Way, Bur- 


factul* 
ing and 
graphs, 
accurate 
saving in t 
duced by 
Corporation, 


nk, Calif. 
“‘aiaiell No. 1119 when filling out card. 


Industrial Microscope 


New “Model No. 232” industrial mi- 
eroscope has built-in illumination and 
magnification of either 20 or 40. A 
reticle permits direct measurements 
with divisions of 0.004 and 0.002 in. 





© enabling operator to work when wear- | 
| ing glasses so as to provide corrected | 
vision for all examinations. Focusing is | 
by means of a friction sliding tube.— | 
Clarkstan Corp., 11927 W. Pico Blvd., | 


Los Angeles 34, Calif. 
Mention No. 1120 when filling out card. 


Instrument Parts Cleaning 


Machine 


New automatic small-parts clean- 
ing machine is furnished with a com- 
plete array of baskets, dividers and 
basket inserts, as well as with a quant- 
ity of L & R cleaning and rinsing solu- 
tions, so that equipment can be put to 
work immediately upon receipt. To op- 
erate, place parts in most suitable bas- 
ket (or subdivision in basket), snap 
basket on motor shaft, and press start- 
er button. Action is fully automatic: 
through cleaner in first jar, through 





| 


Eye point is over 1 in. above eyepiece, | 





Improved quality control 
of metals at LOWER COST 


SPERRY 
ULTRASONIC 
REFLECTOSCOPE 








2 


i. Re te ti aes te Es RRR sca nce: SRE Abi 


Metals tested by the Reflectoscope 
are preferred by users who cannot 
afford lost machine and man 
hours. The expense of lost work 
on faulty metals and possibility 
of service failures are minimized 
when potentially harmful defects 
are located before fabricating or 
machining. 


The cost per test is low because it 
is instantaneous. The 
touches the quartz-crystal Search- 
ing Unit to the surface and im- 
mediately “sees” through the 
metal. Discontinuities are revealed 
on the Reflectoscope screen and 
are located accurately. For full de- 
tails write for new Bulletin 50-105. 


SPERRY PRODUCTS, INC. 


DANBURY. CONN. 


operator 








Reflectoscope, Type UR, 
Style 50€351. 





Provides rapid accurate 
non-destructive testing of 
steel and other metals 


¢ CONTROLLED SENSITIVITY 
—can be adjusted to meet quality 
control standards. 

e PORTABLE UNIT — 


set-up quickly by one man. 


can be 


e TESTS PARTS “IN PLACE” 
—locates fatigue cracks in shafts, 
rolls, axles and other stressed 
parts. Operates on 100-130 volt, 
60 cycle current. 





SPERRY REFLECTOGAGE, Meas- 
ures thickness of metals and 
other materials by resonance 
at ultrasonic frequencies. Accu- 
racy within 2%. Full details in 
Bulletin 3700. 
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RECORDING 
GALVANOMETERS 


are engineered for 


ACCURACY — VERSATILITY — STABILITY 


fia) 





















































250 ASSEMBLY 


200 250 
SERIES SERIES 


The accuracy, stability and versatility obtainable in CENTURY Galvanometers are 
the factors which insure maximum performance in photographically recorded measure- 
ments. They are available with sensitives as high as 4 microamperes per inch with 
natural frequencies from 30 cps to 5000 cps. These elements may be used with all 
types of measuring devices, with or without amplification and, in most instances, are 
immediately adaptable for use in any type or make of photographic recording 
oscillographs. The small, compact size of these galvanometers permits use of more 
channels where space requirements are limited, without sacrificing efficiency. The use 
of the plug-in-type mounting system allows instant changing or interchanging of 
elements for multi-purpose recording without changing wired connections. 

CENTURY Galvanometers are so constructed that they will withstand shocks up to 
300 g’s, even in the lower frequency units. 


Other desirable features of CENTURY Galvanometers include: 


LINEARITY: 2% for +25° rotation of image at 1542” optical distance, 
ZERO DRIFT: + .0004”"/°F. at 15%”. 
SPOT 


ADJUSTMENT: Horizontal spot adjustment is made by rotating the entire 
Galvanometer within the assembly thus no torsional strain is 
placed on the suspension. Therefore, damage to the suspension 
is impossible during spot adjustment. 

POLE PIECES: Fiush with tubular case which rotate with the coil when horizontal 
spot adjustment is made, thus maintaining the flux path across the 
coil at the correct angle. 

SIZE: 2.9375 x .230 Dia. for 250 (G-14) Series, and 3.375 x .127 Dia, 
for 200 Series. 


Manufactured under Century Patent 2439576, also licensed by Kannestine Laboratories Patent 
2149442 


For additional information write 


TULSA, OKLAHOMA 
12th Street EXPORT 
Philadelphia 7, Pa 149 Broadway . or | 


Contiiy GEOPHYSICAL CORPORATION 
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rinses in second and third ja 
drying chamber which is fo 
last stop. Cleaning cycle durat 
minutes.—L & R Mfg. Co., 577 
Arlington, N. J. 

Mention No. 1121 when filling ; 


Strain Indicator 


New self-balancing dial-typ: 
dicator for use in stress anal) 
Maker’s “SR-4” bonded-resista 
strain-gages has a dial scale ¢; 
to read directly in microinches 
for standard gages (gage fact: 























ae 


1.90 to 2.20). Adjustments for gag 
factor and for zero setting are pr 
vided above dial inside case. Indicat 
can be used either with a single strair 
gage or with multi-point switching an 
balancing units; is available with on 
two, or all three ranges: 0 to 2000, 

to 5000, and 0 to 10,000 microinches 

strain per inch of strained surfac 
Scales other than that illustrated ar 
available-—Baldwin Locomotive Worl 
Philadelphia 42, Penna. 


Mention No. 1122 when filling out card 


TV Sweep Marker 


New “Model TV 50,” designed p: 
marily for use in marking televisio: 
sweep generators, has a large dial cal 





brated from 5 Mc. to 250 Me. in fou 
bands, and a planetary drive for fine- 
control tuning. A self-contained crysta 
oscillator circuit is included so that 
simultaneous marking can be utilized 
or it can be used alone with variab!: 
frequency marker turned off. A phasing 
control circuit enables adequate alte: 
ation of dual trace found in swee} 
generators of electro-mechanical ty): 
Oscillator design is such that any cr) 
stal from 1 Mec. up may be used 

crystal socket (conveniently located 

front of panel). This socket accomn 
dates any generally-available crysta 
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in FT243 holders. An internal 
circuit provides for receiving 
»f any sweep generator so that 
leads carry both sweep fre- 
yency and marker frequency. Size 9 x 
x7 in. Weight 11 lbs. Tube comple- 
rent 12ZAT7-6C4-VR105-6X5GT/G. Op- 
rates on 105-130 volts, 60 cycles.— 
Radio City Products Co., 152 W. 25th 
Bctreet, New York 1, N. Y. 
Mention No. 1123 when filling out card. 


mounted 
ixing 

putput < 
utput 


High-gain Low-frequency 
Amplifier 


New “Model 33” is an extremely- 
eS high-gain narrow-band amplifier de- 
Msigned for operation at or near a 
frequency of 10 cps., featuring com- 
plete a-c. operations, shock-proof mount- 


SSE mh Ree 





ing, and minimization of effects of elec- 
trical pick-up. “Model 33A” is intend- 
ed for use with photocells, thermistors, 
or other high-impedance devices; 
“Model 33B” is mainly intended for am- 
plifying output of low-impedance ther- 
mocouples, bolometers, etc. Both are also 
useful as general-purpose laboratory in- 
struments wherever low-level 10-cps. 
voltage or current measurements are 
required. A tuning control permits ad- 
justing actual frequency over a range 
of approx. 2 cps. so that maximum re- 
sponse can be obtained when signal 
under measurement is between 8 and 
12 eps. (approx.). Amplification is 
about 6x 10° to rectifier bridge in out- 
put in “383A,” and about 6 x 108 (from 
a 20-ohm circuit) in “33B.” A calibrat- 














ed attenuator permits gain to be 
changed in convenient steps by factors 
up to 1000.—Electro-Mechanical Re- 
search, Inc., Ridgefield, Conn. 

Mention No. 1124 when filling out card. 





A-c. Voltage Supply 
New “No. 6-054 Electronic Power 
Supply” is a voltage-regulating device 
designed for use with photometric in- 





struments employing low-voltage 
lamps, or other devices requiring a per- 
fectly stabilized source of low-voltage 
power, It delivers regulated alternating 
voltage at 6.2, 8.5 and 10.0 volts; may 
be connected to a.c. of any voltage be- 
tween 95 and 135 and any frequency 





MODEL 406 


RECORDING OSCILLOGRAPH 


FOR 


VIBRATION — TEMPERATURE 
STRESS — STRAIN ANALYSIS 


where any or all of the above information is an important factor. 


FEATURES 

1. 12—50 individual channel recording. 

2. Continuous recording up to 200’ without jamming 

3. Instantaneous changes of recording speeds up to 50” per second with automatic 
adjustment of lamp intensity. 

4, Timing System — Discharge lamp controlled by temperature compensated tuning 
fork providing sharp .01 second with heavier .1 second timing lines. Conversion 
to .1 second lines only, by switching. 

5. Independent optical system provides constant view of traces vith optimum light 
intensity at all times. 

6. Recording lamp under constant surveillance of external condition indicator lamps. 

7. Galvanometers — with optional range of frequencies and sensitivities. 

8. Electrical — Available for operation from option of 12 or 24 volts D.C., or 110 
volts A.C. 

1. Trace identification by means of light interruption. 

2. Trace scanning for observation of steady state phenomena, 

3. Remote control unit. 

4. Automatic record numbering system. 

5. Automatic record length control. 

6. Visual paper footage indicator. 


216 No. 


For additional information write 





GEOPHYSICAL CORPORATION 


TULSA, OKLAHOMA 
EXPORT: 


12th Street 
Philadelphia 7, Pa. 
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MODEL 78-FM 
86 Mc.—108 Mc. 





1 MICROVOLT 
TO .1 VOLT 


DEVIATION: Directly calibrated dia!. Two 
ranges, 0 to 30 kc., 0 to 300 kc. Internal 
400 cycle oscillator. Can also be modulated 
from external source. 


DIMENSIONS: 10°x13"x7". Weight 20 Ibs 
POWER SUPPLY: 117 volts, 50-60 cycles 
36 watts. 


@ SPECIAL GENERATORS 


One-band Model 78-FM generators, with 
a tuning ratio of approximately 1.2 to 1, 
cre available for use within the limits of 
30 to 165 megacycles. 





MODEL M-275 


1. F. CONVERTER 
For Use With Model 78-FM. 





CARRIER FREQUENCIES: 4.5 Mc.;10.7 Mc.; 
21.7 Mc. (Provision for one extra frequency). 


OUTPUT: When used with Model 78-FM 
the output voltage is variable from 10 
microvolts to 1 volt. 


POWER SUPPLY: 117 volts, 50-60 cycles, 
45 watts. 








NEW JERSt 


MEASUREMENTS CORPORATION 


BOONTON 
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between 55 and 65 cps. Its output volt- 
age will remain stable to within 0.2 per- 
cent even though both input voltage and 
input frequency vary over these limits. 
If input voltage range is restricted to 
100-130 volts, it may also be used at fre- 
quencies of 49.5 to 50.5 eps. It is 
equipped with a three-position switch 
for selection of output voltage and is 
furnished with a 6-ft. line cord. Out- 
put voltage is brought out through a 6- 
ft. instrument cord terminated in a 
plug designed for maker’s photometric 
instruments (special adaptor available 
to permit use with other devices or with 
instruments not equipped with Coleman 
receptacle). — Coleman Instruments, 
Inc, Maywood, Ill. 

Mention No. 1125 when filling out card. 


Split-core Volt-ammeter 


New pocket-size “Amprobe” measures 
current without interrupting service; 
is said to represent “a complete devia- 
tion in split-core volt-ammeter design’’. 
A plastic finger trigger opens jaws and 
clamps around conductor to measure 





current; to measure voltage a pair of 
test leads are inserted into front-mount- 
ed pin-jacks and connected to line. Di- 
mensions: length 7.12 in., width 2.56 
in., thickness 1.12 in. Weight 12 oz. 
“Amprobe” is available in two models, 
each with seven ranges. “Model A-5” 
6.5/13/26/65/130 amps. and 130/260 
volts; “Model A-6” 10/25/50/198/250 
amps. and 150/600 volts. Scale length 
2.47 in. No metal parts come in contact 
with operator. Jaws are insulated with 
0.06-in. cover of molded nylon, will 
handle conductors up to 1.12 inches in 
diameter. Trigger and seven-position 
selector switch are operable by hand 
holding instrument. Accuracy plus or 
minus 3 percent of full scale-—Pyramid 
Instrument Co., 49 Howard St., New 
York 13, N. Y. 

Mention No. 1126 when filling out card. 


Wide-band Amplifier for 
Microwave Pulse 
Amplification 

New “460A” wide-band amplifier for 
amplification of microwave pulses is de- 
signed to facilitate measurements nec- 
essary in TV, UHF, nuciear, oscillo- 
scope and general laboratory work, up 
to 200 Mc. It is said to offer true am- 
lification without objectionable ring- 
ing or overshoot. Pulse rise time is 0.003 








microsecond and a gain of 20 db is 










yencies | 
I 


mes“ 
pitage> 
ich tr 
screen 
| neded 1 
an be 
provided. As many as five i: maves, 5 
can be cascaded to provide res, DO} 
gain. It is also designed fo hectrica 


maker’s “410A” VTVM and it 
nection will increase voltmete) 

ity ten times at frequencies 

Mc. Since new instrument gi 
mum performance through ir 

of 200 ohms, maker has design: 
ohm coaxial system of connec 
cables to be used with it: leads 
tings, panel jacks, plugs and cab), 
adapters, etc. — Hewlett-Pack. ( 
395 Page Mill Rd., Palo Alto, ¢ 


TV Test Instruments 


Two new television test inst 
are announced: (1) “Mega-Pix” gen, 
ates accurate picture and sou 
riers in each of the twelve TV chann 
selected bya front panel switch. Sow, 
carriers are frequency modulated | 
an internally generated tone. Frequenc 
deviation is adjustable by front pane 
control. Picture carrier can b« 
lated by RMA video signal eith« 











439 


generator from a 


external receive 
tuned to a transmitter. Modulatio: 
depth adjustable by front panel contro 
Picture modulation double side band 





(2) “Mega-Node Sr.” is a calibrate 

random noise generator useful in dé tions 
termining noise figure (db above ideal) mini 
of receivers or amplifiers in UHF and and 
microwave frequency ranges. The nois rum 
figure may be read directly in linear dl mon 
Voltage standing wave ratio at coaxia | Ave 
output connector has been kept lov Me 


over entire frequency range. No tuning 
or adjustment is necessary when used 
within specified frequency range. Cor- L 
rections at upper frequency, mad N 
necessary by noise diode transit time, ; 





supplied with each instrument.—A«: oo 
Electric Co., Pine Brook, N. J. . > 
Mention No. 1128 when filling out card rs 
° and 

Harmonic Generator tivi 
New portable harmonic generator, Ve 
for use in instructing science and engi- fer 


neering students in theories of wave [| @ set 


formation, consists of six voltage-gen am 
erating units mounted on a single shaft [| @ pli 
and driven by a synchronous motor. | @ thi 
Outputs are a fundamental voltage and tiv 
five harmonic voltages having fre ple 








ncies two, three, four, five, and seven 
that of fundamental voltage. 
stages are fed into an oscilloscope 
nich translates them into images on 
gereen. Virtually any wave-shape 
ded in a given engineering problem 
an be produced, including | square 
aves, saw-tooth waves, Lissajous fig- 
res, Doppler effect, wave-shapes across 
Spical impedances, resonances of 


nes 
























Ren 









? 


ireuit components, etc. Controls on 
Mloping panel enable operator to ad- 
Hust phase of each harmonic through 
range of 0 to 360 degrees. Amplitude 
Madjustments of each of the six volt- 
ages may be obtained separately. A 
j witch on each output permits har- 
Jmonics to be inserted or removed sep- 
Harately from output terminals of gen- 
a Generating units being on one 
Products Div., 


1 ca 
hs 

Nannels 
. Sour 
ited |} 
‘quency 
’ Pane 
mody- 


fron 












shaft, designed harmonic frequency re- 

lation is inherent; drifting, jumping 

out of synchronism, and other such un- 
impossible. — Special 

i General Electric Co., 

) Schenectady 5, N. Y. 

Mention No. 1129 when filling out card. 






certainties are 













Dynamic Noise Suppressor 


New “Type 111-A Dynaural Convert- 
er,’ designed for use with standard 
amplifiers, phonographs, and combina- 






















tions, has a 14-ke. range; is said to 

















al) minimize needle scratch as well as pops 
~ and erackles on plastic records and 
h rumble from turn-table motors.—Her- 
lb mon Hosmer Scott, Inc., 385 Putnam 
on Avenue, Cambridge 39, Mass. 

a Mention No. 1130 when filling out card. 
; Dual-channel Oscilloscope 


New “H-21” dual-channel oscilloscope 
contains two separate and complete 
electron guns in a single 5-in. flat-face 
tube. Each channel has individual con- 
trols for intensity, focus, and X, Y, 
and Z axes. Vertical deflection sensi- 
tivity is less than 0.1 volt d.c. per inch. 
Vertical amplifiers have conductive dif- 
ferential input in the unity attenuator 
setting, allowing use of push-pull pre- 
amplifiers. Vertical and horizontal am- 
plifier outputs are interchangeable, 
thus allowing connection of more sensi- 
uve amplifier to horizontal deflection 
plates. Triggering is in continuous 






















Speedy . flccurate “ 


RESITISTAN 


CE 


MEASUREMENTS 



















eee With the Rubicon 
PORTABLE KELVIN BRIDGE 


For work at very low resistance 
levels this instrument is the 
counterpart of the Wheatstone 
bridge shown above. 


e Range: 0.0001 to 10.1 ohms 

e Limit of error: 0.25% 

e Built-in battery and high sen- 
sitivity “Pointerlite” galvanom- 
eter 

e Provision for external battery 
and galvanometer when re- 
quired 

e Sturdy and convenient in op- 

eration 


Wheatstone and Kelvin 


are fully described in Bi 


spOTLIGH 
e Sturdy, short period 


oot to 
e Sensitive (up 
. Multiple-reflection OP easurem 
deflect! . 
e For null or 


Described in Bulletin 320 


tical system 

















together with other resistance measuring instruments, 





















1 GALVANOMETER 


9.0006 HA per mm.) 


ents 


. +. with the Rubicon 
PORTABLE WHEATSTONE BRIDGE 





This convenient instrument combines 
instant portability with high accuracy 
and is widely used in laboratory, 
plant and field. Built for dependable 
service under hard usage. 


— ——eee 


e Wide range: 1 ohm to 10 megohms 

e@ Limit of error: 0.1% 

e Built-in battery and galvanometer 

e@ Provision for external battery and 
galvanometer when required 

e Available with Murray and Varley 
loop circuits 


e Compact and rugged 









bridges in a variety of models, 


illetin 100 available on request. 





OTHER RUBICON 
INSTRUMENTS 








Mueller 
Bridges * Precision Potentiometers 


Resistance Standards « 


¢ Evelyn Photoelectric Colorimeter 
for chemical analysis * Automatic 
Recording Photometric Analyzers 
for NO and H.S * Magnetic Per- 
meameters * Magnetic Hardness 
Testers * Shorted-Turn Coil Testers 
* Other equipment involving pre- 






cise measurement of electrical 





quantities. 





RUBICON COMPANY 


Electrical Instrument Makers 
3755 Ridge Ave. . Philadelphia 32, Pa 
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COMPLETE 
DATA 
on Industrial 
Thermometers 


NEVER BEFORE has 
complete data on liquid- 
in-glass INDUSTRIAL 
THERMOMETERS 


put into such an easy-to- 


ease 


» - > 
use reference guide form. 


If you. purchase or use 
thermometers, you'll want 


your copy in a hurry. 


Write for Princo Bulletin E” 


PRECISION 


THERMOMETER & INSTRUMENT CO. 


1437 Brandywine Street, Philadelphia 30, Pa. 
in Cenoda: Peacock Brothers Limited 
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sweeps of 2 cps. to 50 ke; half second 
to 20 microseconds. Delay after trig- 
gering is less than one microsecond. 
Calibration voltage is continuous and 
indicated, 0 to 1 volt peak to peak, on 
a panel voltmeter. Range, up to 100 
volts. Weight 65 lbs. Dimensions 14.25 
x 16.75 x 21 in.—Electronic Tube Corp., 
1200 E. Mermaid Lane, Chestnut Huil, 
Philadelphia 18, Pa. 

Mention No. 1131 when filling out card. 





Peak Voltmeter Rectifier 


New “Type 518P5” rectifier unit is 
for use with electrostatic voltmeters. 
Accurate peak voltage readings are as- 
sured because of negligible current 
drain of indicating meter. Readings 
are independent of frequency and wave- 
form from power frequencies up to low 
radio frequencies. One rectifier unit 
may be used with electrostatic volt- 
meters reading from 100 volts full-scale 
to 5000 volts full-scale. Readings of 
either plus or minus peaks are avail- 
able at the turn of a switch. New unit 
matches maker’s “type 518” electro- 
static voltmeters in physical size and 
terminal arrangements. Another unit, 
“Type 518P15,” is available for meas- 
urements up to 15-kv. peaks. New rec- 
tifier type peak voltmeters will be use- 
ful for measurements on power cir- 
cuits, transformers, high-voltage pulse 
measurements including microsecond 
pulses, peak ignition voltage measure- 
ments on automotive equipment, and 
high-frequency high-voltage measure- 
ments. Current drain from source be- 
ing measured is extremely low in all 
cases.—Rawson Electrical Instrument 
Co., 112 Potter St., Cambridge 42, Mass. 
Mention No. 1132 when filling out card. 





Electrical Indicating 
Instruments 


New line of panel instruments of in- 
ternal-pivot-type construction comprises 
Types “DO-81” (d.c.), “DO-82” 
(thermocouple), and “DO-83” (recti- 
fier), in standard 3.5-inch round and 
square cases with 250-degree scales 
4.92 inches long. Except for high-sensi- 





$500 Prize Contest 


OPEN TO 
Instruments 
READERS 


See announcement on page 1009 














tivity microammeters, they 
able in all ratings now listed 
ventional 3.5-inch instruments 


degree scales. Complete lin, 
falls into 2 percent basic 
class, is mechanically interc] 


with maker’s 3.5-inch roun 


j 





Te RT ee 


flange, and rectangular designs. 
design is interchangeable with conven. 
tional 3.5-inch round instruments 
conform with Mounting Specificati 
JAN.-I-6. Because of _ self-shielding 
characteristics of concentric 
no special calibration is required f 
mounting on steel panels.—G, 
Electric Co., Shenectady 5, N. Y. 
Mention No. 1133 when filling out card 


magnet 


Electronic Standard Cell 


New electronic cell is availabl 
any specified d-c. output voltage fron 
0 to 100 and for any load up to 30 ma 
Output voltage is constant to bette 
than 0.1 percent and with ripple 
than 0.01 percent throughout an input 
range of 75 to 135 volts a.c. at frequer 





cies from 50 to 400 eps. It is not dan- 
aged by momentary short circuits. | 
can be used either as a reference voltag 
in bridge or potentiometer circuits 01 
for supplying current continuously a: 
an instrument power supply. Precis 
output voltages such as 0.10, 1.00 « 
100.00 volts d.c., or the usual standar 
cell voltage of 1.018, can be supplie 
Electronic standard cells designed 
the same circuit principles for output 
voltages above 100 volts d.c. for opera- 
tion on other input voltages, high¢ 
current drains, or with non-standard 
chassis construction are available « 
special order.—Hastings Instrument 
Co., Ine., Box 1275, Hampton, Va. 
Mention No. 1134 when filling out card 





Current Indicators 


New “Mini-Amp” indicates load cur- 
rent of motors and other a-c. oper- 
ated electrical devices. It is less that 
2 inches square, with an opening 
center. Depending upon number of 
turns through center, a neon indicato! 
lamp glows at minimum amperage flow 
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Available in different ampere ratings, 


new devices can serve to check motors, 
ete. for overloads. Accuracy is better 
than 5 percent, does not depend upon 
insulation, line voltage or manner -in 
which wire turns are made.—/ndustrial 


| Devices, Inc., Edgewater, N. J. 


Mention No. 1135 when filling out card. 





Wide-band Amplifier 


New “Model 202P Wide-Band Chain 
Amplifier” with regulated power supply 
has a gain of 20 db and a band width 
of 200 Me. Regulated power supply, 
incorporating a new circuit, insures 


constant gain within plus or minus 1 
} percent for line voltage variations of 


* plus or minus 10 percent. Amplifier has 
) a transmission characteristic of plus or 


minus 1-5 db from 100 ke. to 200 Mce., 
an impedance of 200 ohms, a substan- 
tially linear phase shift, a rise time of 
0.003 microseconds, stabilized gain and 
a maximum undistorted output voltage 
of 4 volts. Mounted in a light-weight 
aluminum chassis, “Model 202P” is 
3.5 x 19 x 11 in. and can be rack or 
table mounted. —Spencer-Kennedy Lab- 
oratories, Inc., Dep’t I, 186 Massachu- 
setts Avenue, Cambridge 39, Mass. 
Mention No. 1136 when filling out card. 





Multi-range Electrical Tester 
for Corrosion, etc., Studies 


_ New small model of “Multi-Combina- 
tion Meter,” designed specifically for 
electrolysis and corrosion investigations 
and cathodic protection testing in both 
field and laboratory, is available with 
either of two sets of instruments: “Mod- 
el B-2” is a small instrument for use 
by corrosion engineers and their assist- 
ants where high accuracy and other 
features of “Model 5” are not required; 


The Only 
Safety Valve 
in the World 


of its Kind 
Farri\eal is the valve that’s winning new friends in the Petzo- 


chemical industries, because FARRISEAL is the only Safety-Relief 
Valve protected from corrosion by stainless steel armor.* That's why 
the FARRISEAL is safe—sure to open at the set pressure, even under 
corrosive conditions which make ordinary valves dangerous. 

The FARRISEAL Bellows effectively isolates and fully protects the 
heart of this popular valve from the action of acids, caustics and other 
corrosive materials. It makes possible substantial savings in operating, 
maintenance and replacement costs. 

Minimizing back pressure surge effects makes possible tremendous 
savings through the use of smaller down-stream piping and collecting 
systems. 

Proof of dependability of the FARRISEAL Bellows-Protected Valve 
is amply provided by hundreds of successful installations, including 
some of the largest and most important refineries and chemical plants. 

Detailed data available on request—without obligation. 


FARRIS ENGINEERING CORP., 436 COMMERCIAL AVE., PALISADES PARK, N. J 


—_— my *Also available in rubber or Neoprene for 
Q special applications. 


@ 5914 


SAFETY and RELIEF VALVES 
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Over 100,000 


ta fcr tel 


Types and Sizes, Available 


| fer Industry 


Kester Flux-Core Solders 

are made with a single 

core in several core sizes 
ranging from an opening 

that contains 4% of 1% to 7% 

of flux by weight. These core sizes 
are available in each of 68 
strand sizes. Use of the correct 
FLUX size assures you of 


UNIFORMITY 


POSITIVE 


absolute soldering control. 
Consult our Technical Depart- 
ment on any soldering problem. 


FREE: Kester’s New Technical Manual 


“SOLDER and Soldering Technique.” A 
complete analysis of the properties and 
application of soft solder alloys and sol- 
dering fluxes. Get your copy now. 


KESTER SOLDER COMPANY 
4201 Wrightwood Avenue, Chicago 39, Illinois 


Factories Also at 
Newark, New Jersey * Brantford, Canada 
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KESTER 
SOLDER 


“Model B-1” is for use by jun 
neers and cathodic-protection 0) 
personnel who require a mors 
instrument. It is light-weight 
13 lbs.) and housed in a 9x 12 
walnut case. Standard flashli; 
cells are used and can be repla 
out soldering —M. C. Mill 
| Emerson Avenue, West En, 
N. J. 
Mention No, 1137 when filling ou 





Signal Generator 


New “Model 82” was designed 
vide in one signal generator a . 
ously-variable signal source fi 
measurements at audio, su; 
and radio frequencies. Two osc 
are employed to cover frequency 










Low-frequency oscillator, continuous|, 


variable from 20 cps. to 200 kc., has 


metered output from 0 to 50 volts acros; 
a resistance of 7500 ohms. A r-f. oscil 
lator covering range from 80 kc. t 
50 Me. provides output from 0.1 micr 
volt to 1 volt and may be modulate 


with low-frequency oscillator. An im- 


proved mutual inductance type attenua 
tor insures a higher degree of accurac) 
than may be obtained with resistor 
attenuator or mutual inductance typ 
attenuator of earlier design. Instru 
ment has individually-calibrated direct 
reading dials for each range.—Meas 
urements Corporation, Boonton, N. J 
Mention No. 1138 when filling out card 





D-c. Power Supply 
New d-c. power supply with 5 pe: 
cent regulation and 0.25 percent rippl 
is designed to operate continuously wit! 





584 


no more than a 10 F. temperature ris 
when furnishing 400 ma. at 110 volts; 
is designed to fit on a standard rela) 
rack panel.—Industrial Electronics (: 
Hanover, Mass. 

Mention No. 1139 when filling out card 





pH Electrodes 


New pH electrode assemblies for use 
with maker’s recorders and controllers 
feature waterproof design. One as- 
sembly is for continuous sampling lines; 
the other for immersion in open chan- 
nels and tanks. Sampling line assem- 


| bly has low capacity which permits 4 
| high flow rate and minimizes coating 
of electrodes by suspended materia! 


Operating pressure can be up to 1) 
psi. Body of assembly is a single block 
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of clear plastic. Inlet and outlet con- 
nections fit standard quarter-in. pipe. 
Immersion unit can be used at a depth 
# ten feet, or greater with longer lead 





# wires. Assembly consists of a plastic 


head, measuring elements, supporting 
pipe (not supplied) and a junction box. 
__Leeds & Northrup Co., 4934 Stenton 
Ave., Philadelphia 44, Pa. 

Mention No. 1140 when filling out card. 





Calibrated Pre-amplifier 


New “Model PR” calibrated pre-amp- 
lifier is especially designed to extend 


sensitivity of maker’s line of recorders | 


to 30 microvolts. A flat response from 





40 to 40,000 cps., a dynamic range in 
excess of 60 db., and a calibrated gain 
control in 5-db steps from 0 to 50 db, 
give a calibrated amplification into a 
low-output impedance. Amplifier is 
available with a selection of input im- 
pedances for use with a multiplicity of 
low-output devices.—Sound Apparatus 
Co., Stirling, N. J. 

Mention No. 1141 when filling out card. 





Visual Circuit Tester 


New “Cord Visual Circuit Tester” can 
be used by repair man or amateur to 
tell whether circuit is open or closed on 
fuses, pilot lights, transformer and 
coil windings, etc., where resistance is 


under 50 ohms. Using two penlight bat- | 


tery cells, device resembles a pocket 





$3.19 Air Express cost helped this 





When a pump valve goes while drilling for oil, it’s costly. Idle men and equip- 
ment make profits evaporate. It happened to a wildcatter at 4 p.m. Phoned 800 
miles away for parts—delivered 11 P.m. that night by Air Express. 12 lbs. cost 
only $3.19. (Regular use of Air Express keeps any business moving.) 





Air Express goes on all Scheduled 


$3.19 was complete cost. Air Express 
charges include speedy pick-up and de- 
livery service. Receipt for shipment, 
too. Makes the world’s fastest shipping 
service exceptionally convenient. 


Airline flights. Frequent schedules 
coast-to-coast overnight deliveries. 
Direct by air to 1300 cities, fastest 
air-rail to 22,000 off-airline offices 


Facts on low Air Express rates 


Special dies (28 lbs.) go 500 miles for $4.30. 
6-lb. carton of vacuum tubes goes 900 miles for $2.10. 
(Same day delivery if you ship early.) 


Only Air Express gives you all these advantages: Special pick-up 
and delivery at no extra cost. You get a receipt for every shipment and 
delivery is proved by signature of consignee. One-carrier responsibility. 
Assured protection, too—valuation coverage up to $50 without extra 


charge. Practically no limitation on size or weight. For fast shipping 
action, phone Air oe Division, Railway ( 
specify ‘“‘Air Express 


“xpress Agency. An 


ESS 


GETS THERE FIRST 


elivery”’ on orders. 











Rotes include pick-up and delivery door 
to door in all principel towns and cities 








—e 
s 
AIR EXPRESS, A SERVICE OF RAILWAY EXPRESS AGENCY AND THE 


SCHEDULED AIRLINES oF THE U.S. 


Page 
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* Pressure Transmitters 


* Accelerometers 


* Altimeters 


Teleflight 


Instruments 


MINIATURE 
ELECTRICAL 
TRANSMITTERS 


For 


Remote _ indication 
and recording 


e Fully temperature 
compensated 


e The Most RELIABLE 


precision instruments employing strain gage ele- 
ments ever constructed. 


= 


eee 1 


* Air Speed Transmitters 


* Custom Instrumentation 


Don’t Take Chances 


USE TELEFLIGHT Bonded 
Strain Gage Instruments! . . . 

* No unbonded strain gage elements to 
fail under fatigue or to give spurious 
signals under shock or vibration. 

* All bonded strain gage elements fully 
protected from direct contact with pres- 
surized media and from atmosphere. 

* Imperceptible zero shift with time or 
temperature change. 

* All instruments compensated for sensi- 
tivity change with temperature. 

* Sensitivity normally in excess of Army- 
Navy specifications. 

* Suitable natural frequency available for 
every application. 

* Lower cost instrumentation with greater 
accuracy, reliability, and ruggedness. 


ENGINEERING PHYSICS DIVISION 


Predric Hlader, Ine. 


NORTH TONAWANDA, N. Y., U. S. A. 
Write for Teleflight bulletin 








Sales Engineer experienced 
with regulating valves and 
instrumentation. Old estab- 
lished company now ex- 
panding its sales force has 
an opening for man capable 
of developing into district 
sales manager. Write box 
168, Instruments Publishing 
Company, 921 Ridge Ave- 
nue, Pittsburgh 12, Penna. 








Wanted by New England 
concern—Experienced De- 
sign Engineer versed in the- 
oretical and practical hor- 
ology, preferrably graduate 
of watch or clockmakers in- 
stitute, for work on various 
timing devices. Write stat- 
ing age and qualifications. 
Box 169, Instruments Pub- 
lishing Compary, 921 Ridge 
Ave., Pittsburgh 12, Penna. 
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flashlight. Bulb lights up if t} 
is “good.”—Gits Molding Co 
W. Huron St., Chicago 44, II). 
Mention No. 1142 when filling ; 


Pulsation Dampe: 


New pulsation damper for 
gages is made with a cartridg: 
pressed powdered stainless s 
a steel body. No adjustm: 





needed. Specific porosity of cartridg, 
makes it effective for air, gas, wate; 
steam or oil. Available for all pres. 
sures up to 10,000 psi.—Helicoid Gay 
Div., American Chain & Cable Con 


pany, Inc., Bridgeport 2, Conn. 
Mention No. 1143 when filling out card 





Flame-failure Safeguards 


New fiame failure safeguards fo; 
combination gas-oil burners are applic. 
able to installations which burn heavy 
grades of oil as principal fuel and 
gas as stand-by fuel, or burn gas a: 
principal fuel and lighter grades of 


oil as stand-by fuel. For heavy oil 4 
main fuel and gas as a stand-by fu 
“System FF-2” consists of Photoelectri 
Scanner “45PH5,” Flame Rod “45JP1 
and Programming Control “24PJ8 


which automatically starts burner in 


operation and programs the sequent 


of oil valve delay, post-ignition timing 


and priming period. For gas as mail 
fuel and light oil as stand-by fue 


“System FF-6” includes Electronic Rod 


Type “24JQ1” and Control “24QJ5.” 
Combustion Control Corp., 77 Broad 
way, Cambridge 42, Mass. 

Mention No. 1144 when filling out card 





A-c. Relay 


New “No. 7064-919” relay, built for 
handling a-c. loads of 50 to 75 amperes 


at 115 volts a.c., 400 cycles, or 2 
amperes at 270 volts a.c. 400 cycles 


is provided with a 24-volt d-c. continu: 


ous-duty coil which operates on 157 ma 


nd has 
truct! 
andlit 
in hot 
olts oF 


sampere 
Bis s-P- 


js app! 


Mmnounti 
i provide 


{ 





ing hig 


Tempe! 
VW ach 


va rd, I 
Mentio 


New 
use W! 
signed 


’ on sez 


ever J 
perml 
Bourd 


> possib 
> amoul 


» gradu 
Tracy 





of Pp 
bags 
insp 
tect 
in t 
plies 























nd has specially-treated Bakelite con- 
truction adjacent to contact system for 
andling higher voltages. Relay pulls 
:, hot at 18 volts and drops out at 7 


oits or less. Contacts are also rated 50 | 


E,mperes at 24 volt d.c. Contact system 


js S-p. S-t., N-O. double break. Weight | 


js approx. 8.5 oz. Standard AN-3350 
mounting bracket. Special modifications 
S»rovide adequate insulation for break- 

ing high-voltage loads at high altitudes. 


¥ 


Temperature range—65 F to 160 F.— 


teach Relay Co., 5915 Avalon Boule- 


' vard, Los Angeles 3, Calif. 


Mention No. 1145 when filling out card. 





Pressure-gage Bleeder 
New integral capillary bleeder for 
use with maker’s “Acragage” is de- 
signed for use in gages to be operated 





Yon sealed hydraulic systems, or wher- 


ever pressure line must be purged. It | 
permits complete purging of air from | 


Bourdon tube at all times, eliminating 


» possibility of inaccuracies which may 
» amount to 4 percent of maximum scale 
) graduation.--Clapp Instrument Co., 


Tracy Court, Webster, Mass. 
Mention No. 1146 when filling out card. 





High-speed Photoelectric 
Control 


_ New “Type 23LF3” high-speed sensi- 
tive photoelectric control is especially 


| designed to maintain accurate register 





of paper and cellophane processed for 
bags and wrappers, also for various 
inspection applications, such as to de- 
teet presence of seams and blemishes 
in textile sheeting material. It is sup- 
plied with “Type 42KK1” scanner which 
consists of light source, phototube and 
amplifier tube in a single small hous- 
ing of unique design. A common lens 
system is used, said to result in “small- 


| TH 


‘st and most simply installed scanning | 


Crush 


NOW... © 
IMMEDIATE 


“ A WS 
records of strains <7) | 


c i 
Z 





ay ee 
torques ; x Wibrations or 


sil 
accelerations 









The Brush Single- 
Channel Oscillograph 
with Carrier Ampli 
fier, Model BL-310 
Oscillographs avail 
able in Double 
and Six-Channel 

units also 





IT’S 
Designed for use with wire strain 
INSTANTANEOUS! gages or other resistance sensitive 
PERMANENT! elements. Two "Strain Analyzer” 


models are available, which, with 
suitable pickups, give immediate 
records of strains, pressures, temper- 
atures, torques, vibrations or acceler- 
ations. Either static or dynamic 


ACCURATE! with the 


Strain 
Analyzer 


phenomena up to 100 c.p.s. may be 
4 
recorded. 


Investigate Brush measuring devices 
before you buy ... they offer more 
for your money. 


Write today for detailed information 
on this equipment 


3405 Perkins Avenue « Cleveland 14, Ohio, U.S.A. 
MAGNETIC RECORDING DIV. * ACOUSTIC PRODUCTS DIV. 


INDUSTRIAL INSTRUMENTS DIV. » CRYSTAL DIVISION 
DEVELOPMENT CO. 


Canadian Representative: A. C. Wickman, (Canada) Ltd., P.O. Box 9, Station N, Toronto 14 
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head available to industry. ng 
is wired to new control wit} sndar —— 
code-approved wire. Contro nsict Ae rat 
of a power supply providir ar int 
light source and d.c. throug rom al 
fier tube to phototube and a tuk pith ra I 
amplifier system. It is said t} vn eo vO 
23LF3” is “the only photoel Ne ses ¢ 
trol of its type available w p ditional 
long-life extremely reliabl re 12a 
tubes throughout the amplifyi jude ‘Its 
and does not require gas-fill: ps0 ied ™ 
tron-type tubes.”—Photoswitc) re nd 
Broadway, Cambridge 42, Ma d.c. & 


| roun 
Mention No. 1147 when filling « Pspencer 
Ps Bea aay AControls | 


Automatic Inspector } Mention | 
Connecting Rods 
New automatic gaging, classifying & Elect 
and segregating machine fo) { 
tive connecting rods, gages conip| : 
for all critical dimensions an nd. a ew 
tions, stamps with proper classific,. Beleanims 
tion, and segregates at the rate of on, mpwhere f 
HIGH SPEED CHRONE pe eee 
. . . . . & tin é r 
Simple, Accurate and Reliable, the Chronoscope indicates sign . GuEFFiEiO bunit and 
cant time intervals directly in milliseconds. Operation is completex |) p lar in sl 
ly automatic and the time indicator does not drift. A few of the 
varied applications include—relay, contactor and fuse testing, shut- 
ter speed and flash lamp timing, automatic system development 


and human reaction studies. PRICE: $375. Write for Bulletin JOOB. 
When time is your problem— Consult us. 


“o 


i 
; 
u 
U 








every five seconds. As an example, the 
HELLIGE accepted rods are automatically \ 
stamped with one of three 0.0001 : 
GLASS ELECTRODE a 


classifications of the small hole diame. FF 4 
4 ; “ Fe mpris 
ter.—Sheffield Corp., 721 Springfeld & —_ 





ing cell 
cell usit 
plate : 
strung 
flows, 0 
capacit; 
supply. 
cent 01 
method 
ment 

single-] 
50 wat 
nue, M 
Mentio 


3 ry\y St., Dayton, Ohio. 
ASK ee See Mention No. 1148 when filling out card 


My 


GOO 





Thyratron 


New “CE-329” xenon-filled thyratron 
is of particular interest to the aviation 
. : eee field; also useful industrially. It has 
ae ae > zee the following characteristics: filament 
Automatic p= voltage, 14; peak inverse and forward 
Equl ' S f : voltage, 500; deionization time, 200 
bee scares” i | eta = Pe microseconds; average anode current, 
fit YOUR = 3 amps. d.c.—Continental Electric Co 
PROBLEM can ob a Geneva, Ill. 
SAVE YOU le ‘J ie TDi P ; Mention No. 1149 when filling out card J : 
MONEY | Peal Ga. Pee ) High 
oa ay in TIME CONTROLS & SE- if < ’ Thermostatic Switches ' New 
UEN ONTROL DEVICES. Originall ‘ 5 um re¢ 
designed for rubber and plastics sade New “C4370 Klixon” fixed-tempera- Bi} volt he 
they are finding increasing use in CHEMI- | ture snap-action thermostats having = mum | 
CAL and OTHER PROCESSES for sequence- | Hellige pH-Meters, embodying RELIABIL- enclosed contacts are suitable for prod- BR and 5 
ing complex cycles with or without TIME. | ITY, VERSATILITY, AND SIMPLICITY, are ucts requiring non-adjustable tempera- © suitab! 
Without time they may be keyed to limits | ideal instruments under rigorous conditions. ture controls; are operated by maker's J} supply 
of position, temperature or other measur- Low-priced and self-contained, they can be calibrated snap-acting disk which is = Electr 
able values. used anywhere. ae externally a the base for oo nue, ) 
" 1 thermal response. Units are available RB Menti 
THE PUSHBUTTON CONTROLLER (ius- | PRECISION OF MEASUREMENTS with athe iaiioe Geage, + i Menti 
trated) is our MODEL PB-2. It is a HIGHLY 0.05 pH unit and 0.005 volt ’ f 
FLEXIBLE example of ovr many adaptoble | 0.01 pH unit and 0.001 volt f j 
TIME SEQUENCE devices. . Air- 


WRITE FOR BULLETIN No. 7040-A é@ New 
SEELY INSTRUMENT CO., INC. 


im proces 
315 FOURTH ST., NIAGARA FALLS, N. Y. | | a a Ee ® 3 in. 
Subsidiary ef Aereneutical Manufacturing Corp. i y ® staller 


# throw 
Air Operated Hydraviic Valves to 7000 psi INCORPORATED mae ae m ard , 
And Valves for Heating & Cooling Services 3718 NORTHERN BLVD. LONG ISLAND CITY 1, N.Y. i o- rR fae 





EEE 
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ing flange and shoulder mount- 
ong a be supplied with various 
smperature differentials in settings 
rom minus 10 to 550 F. Also available 
jth manual reset. C4370 listing in- 
iudes a motor load rating of 0.25 hp, 
420-240 volts a.c. and a pilot duty rating 
f 125 volt-amps, 120-240 volts a.c. 
,dditional Underwriters’ ratings in- 
jude 12 amps, 120 volts a.c. and 6 amps, 
p40 volts a.c. For d.c. ratings, recom- 
ended maximums are 12 amps 30 volts 
ic. and 1 amp, 125 volts d.c. All types 
are ground tested with 1500 volts a.c. 
Spencer Thermostat Div., Metals and 
‘ontrols Corp., Attleboro, Mass. 
Mention No. 1150 when filling out card. 



















en 


Electrostatic Air and Gas 
Filter 


New “Midget Electronic Filter,” for 
Icleaning air and gases on applications 
where flow-rates are small, operates 
on electrostatic principles; is a stand- 
lard “package” consisting of a filter 
unit and a power supply cabinet simi- 
Hlar in size to a tabie model radio. Unit 








comprises one or more ionizing-collect- 
ing cells each of 4-cfm. capacity, each 
» cell using a tubular shell as a collecting 
) plate and having an ionizing wire 
» strung along center of tube. For larger 
) flows, other pairs of cells up to 24-cfm. 
) capacity may operate from one power 
on §% supply. Cleaning efficiencies of 90 per- 
on #§ cent or better (by discoloration test 
as §} method) are possible with filter. Equip- 
nt #} ment operates on 110-volt 60-cycle 
) single-phase a.c. and consumes approx. 
0 BY 50 watts. Trion, Inc., 1000 Island Ave- 
it, ie nue, McKees Rocks, Pa. 


Mention No. 1151 when filling out card. 


a 





High-vacuum Rectifier Tube 


New “Type 7X6” lock-in high-vacu- 

um rectifier tube is supplied with a 6.3- 

‘ volt heater rated at 1.2 amperes. Maxi- 

B mum rated output of 150 milliamperes 

and separate cathode leads make it 

suitable for a wide range of power- 

supply circuits—Radio Div., Syvania 

: Eleetrie Products Inc., 500 Fifth Ave- 
nue, New York 18, N. Y. 

Mention No. 1152 when filling out card. 





Air-operated Butterfly Valves 


New line of air-operated valves for 
process control is offered in sizes from 
3 in, through 12 in. Assembly is in- 
stalled in line with only one set of 
through bolts. 125-lb. drilling is stand- 
ard. Accessibility is good because face- 
to-faee dimensions are small. Valve 
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MULTI-POINT fast Ve, accurate 
PYROMETER Simple “Stij, 
INDICATOR Compact Trouble-Free 





Designed to indicate temperatures for 
various applications. 

Indicator is automatically compensated 
for cold junction temperature changes 
and instrument temperature resistance 
coefficient. 

Available in five temperature ranges, 
either Fahrenheit or Centigrade. 

Maximum accuracy is obtained be- 
cause Polarized Plugs and Jacks are of 
thermocouple materials, eliminating er- 
rors produced by unmatched elements. 

The coupling plug quickly connects the 
pyrometer to any of the six thermocouple 
jacks. 























If you will advise us the details of your applica- 
tion, we will recommend suitable equipment or, 
for additional information request our Catalog 
Section 25 F 






























The type MRC-15 STRAIN GAGE CONTROL UNIT 
and the type $8-B OSCILLOGRAPH make up a complete strain record- 
ing laboratory. The MRC-15 contains complete equipment to power 
strain gages and to drive oscillograph galvanometers for recording 
from static strain to a frequency of 5000 cycles per second. It is com- 
plete with strain gage balancing controls, precision calibrating device, 
and power supply equipment. 

The S8-B, with 12 to 48 elements, is a highly-refined general- 
purpose oscillograph with chart speeds of ¥% to 40 inches per second 
designed to accommodate a wide range of galvanometer types and 
characteristics. Precision optical system insures records of highest 
accuracy and quality. Many refinements contribute to versatility and 


convenience ” Write for Technical Bulletins 
For the MRC-15, Bulletin No. SP-I95H © For the S8-B, Bulletin No. SP-165H 


















INSTRUMENT COMPANY. 


1315 SO. CLARKSON STREET © DENVER 10, COLORADO 













November 1949-—/nsfruments—-Page 1029 








dial scale is always 
concentric with the 
pointer travel 


HEISE GAUGES 


STANDARD OF THE WORLD 


as é 
S ?P nh in 
Ay Re PPS 





to 


12 in. and 16 in., in 





orishas dale 
“ 


This unique pack- 
aged component is easily built into 
your apparatus. It has true decimal 
reading, and simple binary circuit with 
reliable automatic interpolation. Min- 
iature size. Moderate price. Immedi- 
ate shipment 


Send for Bulletin DCU-114 


a 
12 rheley S Cent hi fic C. Om Nany 


SIXTH AND NEVIN AVE + RICHMOND, CALIFORNIA 
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SAVE TIME 
PREVENT 


COSTLY ERRORS 


with LEGIBLE IDENTIFICATION 

of SWITCHES e VALVES 
e INSTRUMENTS e« GUAGES e 
CONTROLS 


.o ore 
Plastic 
Nomeplates 
Engraved to your exact speci 


fications, these lastic name 
p 


plates are permanent, inex 
pensive and guaranteed to 
you. Prompt service 


reasonable prices 


WRITE FOR FREE SAMPLES AND 
YOUR COPY OF BULLETIN NO. 14 


INDUSTRIAL 


NAMEPLATE SERVICE 


BOX 5005 HOUSTON 12, TEXAS 








552 


bodies are available in carb 
bronze, 316 stainless steel, an 
materials including plastics: 

316 stainless, fitted with rub! 
when required. Static line press 

to 125 psi and differential pressures 
to 50 psi can be handled. Valves a 
supplied with hand jack screws, a 
operated diaphragms, and valve pos 
tioners.—Fischer & Porter Co., Hat 
boro, Penna. 

Mention No. 1153 when filling out card 


Voltage-dividing Resistors 


New “Models F and G” linear “pote: 
tiometers” are single-turn “potentio: 
eters” with continuous rotation. Smal| 


“potentiometer” is particularly adapt 
to transmitting use and aircraft insta 
lation. Larger unit is especially d 
signed and engineered for comput 
systems. Units will be availabl 
standard primary types as well 
custom built.—Helipot Corp., Sout 
Pasadena, Calif. 

Mention No. 1154 when filling out card 


Miniature Clutches 


clutches are mad 
standard stock items to accommodat 
mass-market of small-motor applica 
tions in industry and home workshops; 
however, each packaged unit is 


New model 



















arbo: ster 
» aNd othe 
eS: Vane 

rubber Sea 
ressures yy 
ressures ur 
Valves are 


SCTEWS, a 


valve pos}. 
Co. Hat 


£ out card 
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on. Smalli 
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cially de- 
compute) 
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well as 
Des Sout] 


out card, 


les 


made as 
ymmodate 
applica- 
yrkshops; 
is fur- 
































ished with compiete adjustments ani 
instructions to adapt it to a wide range 
{ characteristics. Versatility is accom- 
lished by comparatively simple adjust- 
: f friction segments (shoes) and 
gs. Besides adjustments for ca- 
pulley-type clutches can ac- 
te several standard sizes of 
Centric Clutch Co., Cranford, 





ments 0 
f sprin 
pacity, 
commoda 
pulleys.— 
Nae 


Mention No. 1155 when filling out card. 














Rotary Servomotors 


New “Series 186, 188 and 189 Rotary 
Actuators” are provided with (1) split- 
feld, reversible explosion-proof d-c. 
motor, (2) electromagnetic brake, (3) 
planetary gear assembly and (4) cir- 


cuit switch assembly within a small en- 































































a 


569 


velope with weight reductions up to 75 


percent over former models. Standard 


gear assemblies are designed to with- 


stand a maximum load of 45 oz.-in. 
with special designs up to 200 oz.-in. 


| Lear, Ine., Electromechanical Div., 110 


' lonia Ave., N. W., Grand Rapids 2, 
» Mich. 





i 
t 
' 


Shs ap Renee 


Mention No. 1156 when filling out card. 





Rubber-lined Valve 


New “Type No. 709” is a 30-inch 50- 
lb. cast iron valve equipped with 125- 
lb, flanges and a renewable one-piece 
rubber seat for positive shut-off. Valve 





is air bubble tight at 80 psi. and drip 
tight with water at 100 psi. Tempera- 
ture range is minus 20 to plus 200 F. 


Easily adapted to automatic control, | 


valve is available in smaller or larger 
sizes, in all materials and for higher 
pressures.—R-S Products Corp., Wayne 
Junction, Philadelphia 44, Pa. 

Mention No. 1157 when filling out card. 





Miniature Relay 


New “Model SM” sub-miniature relay, 
with windings as high as 8,000 ohms 
and adjustment for current operation 
to pull in as low as 3 ma., with coil 


consumption of 75 milliwatts minimum, | 
wound for d-c. voltage actuation, draws | 


a oroximately 0.5 watt. Maximum dis- 


A New Development in 
High Gas Temperature 
Instrumentation . . . 


The Remote Reading 


PNEUMATIC GAS 
TEMPERATURE INDICATOR 


The Fairchild Model 263 Gas Tempera- 
ture Indicator is the only readily port- 





excess of 5000 degrees Fahrenheit. 


The operation of this indicator is based 
upon well known and accepted equa- 2500 degrees Fahrenheit, with repro 
tions for the flow of a gas through an ducibility of two per cent up to maxi- 
orifice. These equations are solved for 





ae “a 


We invite your inquiry for the solution of all types 





able instrument for obtaining remote gas temperature enabling the design 


in of an accurate and reliable laboratory 
instrument. 






Guaranteed accuracy two per cent to 


mum range of the instrument. 





Price: $875.00. F.O.B. Pasadena, with probe suitable for most applications 
Delivery: 30 days. 


* 









Ca / 
ay Oe te Ad CAMERA 


AND INSTRUMENT CORPORATION 
WEST COA 
> St . 





ST DIVISION 
Pasddena 1. ( 


of instrumentation and control problems 




















Totuc Miasvhing 
systems 


for use in applications such as dyna- 
mometers, industrial weighing, strength 
of structures, jet engine thrust, and 
countless other force-measuring prob- 
lems. Illustrated is the famous Emery 
Hydraulic Cell, basic unit of Emery 
hydraulic testing and force-measuring 
systems. 


All components are simply construct- 
ed, but rugged; they are compact in 
size, extremely sensitive and accu- 
rate. Easy to mount and use. Send 
for complete literature and prices; 
also our engineers will be pleased to 
discuss your force-measurement prob- 
lems and make recommendations. 
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DELICATE WORK 


REQUIRES A SENSITIVE 





The aeqdi 


finer finish 


ed ball bearing spindle 


ter height 


e th, _— 1¢ 


NYclaleinieleleh Anielaelil 


GENUINE JE VIN rele) es; 


CARRY THIS TRADEMARK 


Con plete fats eo} 


LOUIS LEVIN & SON, INC. 
782 E. PICO BLVD., LOS ANGELES 21 


out work faster produces 


to operate 


* 
9 
Z 


Collet capacity 


elaest tie) aish 


TAidehisleMmiticiaelitias 


DEPT. 4d 





LATHE 





The Only Instrument 
You Need to Tell Spot 
Temperatures Instantly! 











Just sight it . . . end press the button! 


NEW Py RO RADIATION 


PYROMETER 


Any operator can determine spot tempera- 
tures in kilns, fire boxes, furnaces, ovens, 
etc., accurately—instantly—with the New 
Pyro Radiation Pyrometer. No _ thermo- 
couples, lead wires or other accessories 
needed—the PYRO is completely self-con- 
tained. Just sight it at the object . . . and 
press the button. Temperature igdicated in- 
stantly on large direct-reading dial. Two 
double ranges available 1000/1800—1800/ 
26090° and 1400/2400—2400/3600°F. 
Write for FREE Catalog No. 100. 


The PYROMETER INSTRUMENT CO. 
New Plant and Lab. 
BERGENFIELD 4, N. J. 


High Precision Optica Compo- 
NENTS Any Size For 
Astronomical and Physical 
Research 
° 
Parabolic, Spherical. Ellipsoidal 
and Plane Mirrors 
eo 


Plane Parallel PLATEs 
e 
SCHLIEREN SYSTEMS 
. 


Interferometer PLATES 
« 


LENSES and Prisms of Glass 
o 
Natural or Synthetic Crystas 
* 
Complete Optical and Mechanical 
INSTRUMENTS 
fe 
Made to Specifications 
e 
High Vacuum Coating 
+ 


John Unertl Optical Co. 


3551-3555 East Street 
Pittsburgh 14, Penna. 
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sipation is 1.75 watts at 83 
Volume is less than 0.25 cubi 
weight less than 0.5 oz. Cont 
pure coin silver rated at 0.25 
at 115 volts, 60 cycles. Conta é 
bination is s-p.d-t. or one “F ( 
Relay is available in either 0) 

or hermetically-sealed in a miniaty 
glass tube envelope with a 7-prong bas 
—Potter and Brumfield, 549 W. |, 
ington Boulevard, Chicago 6, | 
Mention No. 1158 when filling our ca 


rd 





Selenium Rectifiers 


New dual selenium rectifier elements 
dimensions 7.25x 12.75 in., handle yy 
to 85 amps. continuous duty or 34 
amps. intermittent. Elements are as. 
sembled in three-phase bridge heavy. 
duty 10-kw. rectifier stack rated at 1500 
amps. Stacks are designed on a basis 
of 16 kw. per cu. ft.—Jnte rnationa 
Rectifier Corp., 6809 S. Victoria Ave 
Los Angeles 43, Calif. 

Mention No, 1159 when filling out card 


Motor-driven Switch 


New “High Speed Mechanical Sam. 
pling Device” provides clean and reliable 
switching at sampling rates up to and 
exceeding 5,000 cycles per minute. Sixty 





make-before-break contacts are sampled 
each cycle. Switches with 30 contacts 
are available with even higher sampling 
rates. Switch is so designed that it may 
be driven by an external shaft, may 
also be furnished in one unit with driv- 
ing motor of any design or speed within 
above limits.—The Applied Science Cor 
poration of Princeton, Princeton, N. / 
Mention No. 1160 when filling out card 





Multi-pole Relays 


New “Bulletin 110” multi-pole midget 
magnetic relays are designed for get- 
eral and special-purpose contro! use. 
Standard 2- or 3-pole double-throw re- 
lays have molded phenolic insulating 
bases, screw terminals for front cor- 
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WILTON Foy PUMPS 


© for Controlled Volume Pumping 
@ for Pumping in Small Volumes 
© for Pumping at High Pressures 
@ for Handling Difficult Materials 
© for Pumping Corrosive Chemicals 


Select Milton Roy Pumps for the above applications .. . 
. Positive 
displacement, precise metering units that handle everything 


pumps that are non-clogging and self-cleaning . . 


from slurries and solids 
in suspension to the 
lightest solvents, hot or 
cold . . . pumps with 
liquid ends to meet 
practically every corro- 
sion resistant problem 
and to pump up to 20 
thousand psi for high 
pressure catalysis and 
hydrostatic testing. 
Investigate. Ask for Catalog 146, 


MILTON~fxoy COMPANY 


1309 £. MERMAID AVE. CHESTNUT HILL, PHILA. 18, PA. 


















HAYS GAS ANALYZER 


The Hays gas analyzer (or Orsat) tells if oil burner or stoker 
is properly installed —or if combustion is at maximum 
efficiency. Gives accurate readings of draft, CO» and flue 
gas temperature. Available in several styles from the single 
to the multiple chamber model shown which analyzes CO», 
Oz» and CO. All sizes available from stock. Write for helpful 


HAYS CORPORATION 


MICHIGAN CITY, INDIANA, U.S.A 












AND (N/ THE 
MERIA 


MICROMANOMETER 
FOR 




















INSTRUMENTS 

























® This new, efficient in- 
strument is used mainly 
for calibrating low pres- 
sure instruments and other 
devices. It can be employ- 
ed also as a conventional 
manometer for reading 
pressures or vacuums. 


Highly sensitive, the Meriam 
Micromanometer permits 
readings to plus or minus 
.001” water pressure. Most 
rugged, and unequalled 
in simplicity Not the 
least complicated or mys- 
terious, it can be han- 
dled successfully by the 
average operator. 


Ask for Bulletin 25 


THE MERIAM 
INSTRUMENT CO. 


10958 Madison Avenue @ 
Cleveland 2, Ohio mn 
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with precision accuracy and matchless dependability our “glass- 
masters” are prepared to fabricate any specific glass apparatus 
requirement for the instrument industry. We are actively engaged in 
the manufacture of scientific glassware, and are equipped to supply 
your “tailor-made” needs swiftly, efficiently and at low cost. 


Write Now! 











onty $215*ror 
THE GREEN 
ENGRAVER 

... yet it’s fast, versatile 
and rugged enough 

for die steel 










New Jersey Firm 
Develops Precision 
Parts Cleaner 


A comparatively recent develop- 
ment in the field of precision 
parts cleaning has been found to 
replace the usual procedure of 
dipping parts into cleaning solu- 
tions. The latter method has been 
found impractical since constant 

dipping of contaminated parts The Green En- 
means contaminating the solu- ee ane 
tion itself, rendering it ineffective. = sl Quickly 
cuts up to four lines 
of letters from 3/64” to 1” on curved 








The Eng-Sol Method of precision 


parts cleaning can actually step or flat surfaces whether made of metal, 
up production by chemically plastics or wood . . . operates by mere- 
cleaning up to 400 units per hour. ly tracing master copy — anyone can 
A jet of warm air, combined with do an expert job. Special attachments 


and engineering service available for 
production work. Just the thing for 
radio, electronic apparatus and instru- 


a solvent, blasts all contamina- 
tion from the part’s surface. This 


method of cleaning eliminates ment manufacturers. Write today for 
costly reprocessing of rejected Bulletin 18! 
parts. For quality engraving on 


An iilustrated booklet describing @ Panels @ Name Plates © Scales 
The Eng-Sol Method is available | © Diels © Lenses © Instruments 


on request from the manufactur- che 3 = Se and 
ers, Passaic Analytical Labora- *Price does mot include master type 


tories, Inc., 286 Aycrigg Avenue, and special work bolding fixtures. 


Passaic, N. J. ee GREEN INSTRUMENT CO. 
eg 385 Putnam Ave. 
| C.RREN pale a 
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nection and heavy silver to sil 
tacts. Leads from movable leaf sp;i, 
contact fingers to terminals a: jng) 
lated with Fiberglass tubing. C. ils g), 
available for operation on all st andar, 
voltages and frequencies up to 1!5 yujts 
a.c. or d.c. Non-inductive ratings ¢ 
n-o. and n-c. contacts are 10 anips, 
volts d.c. or 115 volts a.c. 60 eps.--Wzy,, 
Leonard Electric Co., Mount Vern, 
New York. 

Mention No. 1161 when filling out card. 


Aircraft Navigation Radios 

New “Model LR-5BN” VHF receive, 
and “Model RT-10CH” VHF transmit. 
ter are designed for installation jy 
aircraft instrument panels. Receive; 





has continuous tuning for all VHF 
Tower, Radio Range and VOR receptio: 
facilities. Weight 4 lbs., 4 0z., over-a 

size less than 3.5 x 6.5 x 7.75 in. 2-watt, 
6-frequency transmitter weighs 13 07. 
overall size 3.25 x 3.25 x 7 in.—Airecraft 
Radio Div., Lear, Ine., 110 Ionia Av 

N. W., Grand Rapids 2, Mich. 


Mention No. 1162 when filling out card 


Germanium Diodes PR 


New “Types CK705, 706, 707, and # 
708” germanium diodes are 0.390 
long and 0.160 in. diameter, marked 
with a color code, and possess a hig! 
ambient operating temperature ratin: 
of 100C. and resistance to change 











humid atmospheres. Higher tempera- 
ture rating is obtained by using only 
glass and metal in the basic assembly. 
In addition to total immersion this de- 
sign has withstood more than 72 hrs. 
exposure to 95 percent humidity at tem- 
peratures from 25 C. to 70 C.—Special 
Tube Section, Raytheon Mfg. Co., 55 
Chapel St., Newton, Mass. 

Mention No. 1163 when filling out card. 












MORE 


for Your Money 

















3 Plus Values in POWERS No. II 


INDICATING REGULATORS 
1) Easy to Read 4” Dial Thermometer 


shows temperature of process or opera- 
tion under control. 





al ps, re 
I Ward $3 Valve Stem Lubricator at no extra cost. 

«) Over-Heat Protection at no extra cost. 
Ut card. 

Reduce Costs— with this better type of self- 
adi acting temperature regulator. It prevents 
neg OVER-heating. Controls liquids or air, 
A i heating or cooling. Valve Sizes 4 to 2” incl. 
t ag Available without thermometer, sizes 4 to 6" 

a n 

i. = > WRITE FOR BULLETIN 329 «THE POWERS 
i * REGULATOR CO. 2734 Greenview Ave. 
3 3 Chicago 14, lll. e Offices in 50 Cities — (11N) 
















VHF 
eptior 
rer-al 
z — MICO — 
rerajt 
Aw 2&3-DIMENSIONAL 
2, ENGRAVER 
MINIATURE 
PRESSURE TRANSDUCERS 

= f » 
rked i The new, compact type 45138 pres- 
hig! 4 sure transciucer is small enough and tight 
ting 8 enough to be installed in groups for pres- 

In e sure survey applications. The reduced sizer 






permits greater utilization of available 
space without sacrificing the accuracy or 







quality of signal output 

The instrument is available in abso- 
lute, differential or gauge type, and 
pressure ranges up to 100 psi may be 
selected. The type 45138 in- 
struments are in 
production and 
can be delivered 
on short notice. 



















FEATURES 
. Ball Bearing Micrometer spindle for absolute 
control of depth of cutter in all four ratios. 

. Accuracy of reproduction in four ratios due to ex- 
cellent precision machining of pantograph arms. 
. Absolute accuracy in three-dimensional dupli- 
cating. 

Many attachments available to increase versa- 
tility, such as extension arm, rapid self-centering 
vise, extension post for pantograph and copy 
carrier, hand engraving spindle and many more. 
Copy and work right-side up and in view of op- 
erator. 


— 


> wp 


Catalog on Request 


| MICO INSTRUMENT CO. 


86A Trowbridge St. Cambridge 38, Mass. 












The F&P 
VISCOSIMETER 
in the pipeline 


(VISCORATOR) 
measures and 
indicates 
viscosity 

directly and 
continuously 
without attention. 


00, a is “a ‘ieee mcccnaemcm mae | 


*VISCORATOR”’ 
improves product 
quality and 
uniformity, 


—  e 


cuts costs in: 


Ceramics 
Chemicals 

Food 

Paint & Varnish 
Petroleum 
Plastics 

Power Plants 
Pulp & Paper 
Rubber 

Steel 

Textiles 

and other fields. 


Available as indicator, 
recorder, 
remote transmitter. 


controller or 


Viscosities from 0.0008 
to 800,000 
or equivalent units. 


centipoises 


Pressures to 10,000 psig. 


‘Name 
iTitle 

i( ‘ompany 
‘street 
‘City 
FISCHER & PORTER (0. 


Dept. 9Y-5C Hatboro, Pennsylvania 


State 


PROCESS CONTROL INSTRUMENTS 
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“ Gunin Domotor Values 





Cut Waintenance Cost 
afe to S5%° 





Actual users who compared Annin 
Domotor Valves with other standard 
valves report savings of 83% in 
maintenance costs. They learned from 
experience that the built-in rugged- 
ness and simplified maintenance 
features of Annin Domotor Valves 
assure long, efficient, trouble-free 
service. 


Were are The Keasons: 


THEY’RE SINGLE SEATED— Annin Domotor Valves are 

of proven, simplified single-seat design. The smooth, 

curved contour of the flow passages, without pockets or 
shoulders, provides free, uninhibited fluid flow for effective 
control of slurries, sludges and viscous fluids. Pressure drop 
and turbulence are reduced to a minimum and flow capacity 
greatly increased. The valve seat, clamped in position 
between the two sections of the separable valve body, absorbs 
all line stresses in shear for greater valve strength. 

Simplified construction cuts valve body weight by over 50%. 


THEY’RE CORROSION AND EROSION RESISTANT— 
Annin Domotor Valves are available in the alloy that will 
give longest valve life under severe corrosive, erosive, or 
gaseous conditions. The wide range of alloys offered includes: 
Cast Carbon Steel, Cast Type 316 Stainless, Hasteloy 

B and C, Monel, Ampco 15, Annico 20 (D 20), Zinc Free 
Bronze, 98% “A” Nickel and almost any castable alloy. 

High velocity fluids are efficiently handled at temperatures 
from —300° EF to 1,000° F and pressures to 2,500 Ibs. 


THEY’RE SIMPLIFIED FOR FAST, ON-THE-JOB 
MAINTENANCE — Any part of the Domotor valve body 
assembly or operating unit may be replaced or repaired 
while in the line, for maximum maintenance economy. 
Interchangeable line flanges make possible the use of a 

single valve anywhere in your plant, irrespective of system 
pressure. The separable valve body construction with 
threadless valve seat assembly permits immediate, on-the-job 
replacement or repair of the valve seat plug and stem 
without special tools or shop operations. 


The floating, threadless valve stem guide, the only other 
wearing unit in the body assembly, is readily replaced by 
simply removing the valve stem packing. All parts of 

the Domotor assembly are made accessible by removing 
the snap ring which holds the unit together. Sealing “O” 
rings with molded-in lifetime lubrication, provide long 
wearing life of the operating assembly. 


Write today for this bulletin 
A new bulletin showing installation and operating features 
of the Domotor Valve will be sent to you upon request. 


THE ANNIN COMPANY 
3500 Union Pacific Avenue 
Los Angeles 23, California 
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Instruments pays $5 (or more) for each Shop Kink accept, 


Photographic Type Dial Pla 
By EDWARD CARTOTTO, Glendale, Calif. 


TT’ HERE is always a lot of apparatus built by a lab 

for its own use. Shop facilities are usually adequ 
producing the chassis, panels, and cabinet, but invayia} 
means are lacking for making appropriate identificat 
plates and dial plates. 

Two professional-looking dial plates are illustra 
the accompanying photograph. The technique for producing 
these consists of drawing the dial plate on vellum with Indiq 


CONTROI 





ink and applying good, neat lettering with any of the m 
chanical lettering aids. Glossy photographic prints ar 
made using the vellum as a negative. Finally, the prints ar 
trimmed to size and protected by a thermo-setting plastic 
envelope. This plastic coating process is available throug} 
most blueprint supply houses. 

This technique is simple, inexpensive and flexible. It 
lends itself well to small production runs where compli 
cated, individually-engraved plates are too difficult to mak 
and quantities involved are too small to warrant procur 
ment of commercially-etched dial! plates. 





Instrument Relay Valve Test Panel 


By J. R. KACHELHOFFER, Lockport, Illinois 
The testing device shown on the attached drawing greatly 
simplifies the testing and adjusting of most of the commonly 
used instrument air relays. Its compactness and ease of 
operation make this test panel an asset to any instrument 
shop. 





; FISHER MASON -NEILAN TAYLOR 
PILOT MOUNTING PILOT MOUNTING PILOT MOUNTING 
GRACKET BRACKET BRACKET 
































fp) | 
SUPPLY | 
PILOT '—________ AiR 
Fox BoRO 
PILOT MOUNTING | 
BRACKET 
NOTE: YOUR THUMB IS THE FLAPPER J 





SCHEMATIC -AIR RELAY TEST PANEL 
OLSIGNED BY: J A KACHE mOFrER DRAWN BY: D.ARMSTAONG 

















RANGES AVAILABLE 
lemperature One Rotation 
7" Range of Chart 
LS 30” to +120°F 7 Doys 
30° te +120°F 24 Hours 
20° to + 40°F 24 Hours 
y 10° te + SO°F 7 Deys 
10° te + SO°F 24 Hours 
30° te oo F 24 Hours 
40° te «00°F 
40° to 00°F 
or wer 
60° te 90° F 
70 te «(130°F 
70° to + 130°F 
100° te 60°F 
25° te + 10°C 
Sto 40°C 








RECORDING THERMOMETER 


The TEMPSCRIBE self-registering Recording Thermometer meets a long- 
felt need for a moderately priced recorder for general purpose applications 
where a graphic record of temperature in surrounding air is required. The 
record—written on an easy-to-read chart, 4’’ in diameter, with graduations 
spaced uniformly over full range—is indispensable wherever knowledge is 
desired if temperature goes above or below any given point. TEMPSCRIBE is 
the only recorder made with pen and actuating element in door, which, when 
opened, permits a clear view of the complete chart, and easy chart replace- 
ment without danger of damaging pen arm or accidentally marking chart. 


MOTOR OPERATION RECORDER ALSO AVAILABLE 
for recording any cycle carried out by interrupting an electric current, such as stort- 
ing and stopping motor, fon, heater, sign, etc. 
Write for Bulletin 715 
BACHARACH INDUSTRIAL INSTRUMENT CO. 
7000 Bennett Street «+ Pittsburgh 8, Pa. 
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7 MARSHALLTOWN biguce 03 is a very 


sensitive instrument utilizing a diaphragm for pressure 
communication, and is recommended for extremely 
low pressure service. 





The following standard dials reading in inches of 
water are available—0-15" 0-30" 0-60” 0-100” 0-150”. 


Ounce graduated dials can also be supplied in a 
range from 16 ounces to five pounds. 


It is available in the 242”, 342”, and 442” dial sizes 
and mounted in a-black enameled, deep steel case. 
| Write for details and price. 


MARSHALLTOWN manufactures one of the most 


complete lines of indicating pressure gauges—there is a 
Marshalltown gauge for every purpose and pressure. 





Marshalltown Mfg. Co., Marshalltown, lowa | 



















Standardize 


BROWN 


Pyrometer Supplies 








last 


Good Pyrometers 
deserve 


Good Extension Leadwire 





It costs no more to use the best pyrom 
eter supplies... the Brown name is your 
assurance of highest quality in ma- 


terials, workmanship and specification 








Baows EXTENSION LEADWIRE is available in) four 
insulations— Weatherproof over Polyvinyl Plastic, As- 
bestos over Enamel Wire. Rubber Jacket over Rubber. 
and Lead Sheath over Polyvinyl Plastic. 


identified by its bright red 


.. positive wire coating is varied to identify 


Negative wire is easily 
coating . 
the leadwire type. The use of poly ‘ inv means smaller 
OG. permits more wires per conduit. 


Call in vour locai Brown engineer for a discussion of 
your pyrometer supplies requirements, [t will pay you 
to standardize on Brown. Write for Catalog 100.2, 


MINNEAPOLIS-HONEYWELL REGULATOR CO. 
BROWN INSTRUMENTS DIVISION 
4482 Wayne Ave., Philadelphia 44, Pa. 


Offices in principal cities of the United States, Canada and throughout t! 


e world 
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CIRCUIT 
BREAKER 











No. 33—Product of the I-T-E Circuit Breaker Co. 
Philadelphia, Pa. 


Chace Thermostatic Bimetal controls the horsepower 
surging through this I-T-E Type “ET” Circuit Breaker. 
The “horseshoes” are bimetal tripping elements on a 
common tripping bar. An overload on any of three 
poles opens the breaker, thus “holding the horses” 
by relieving the overload condition. 


For positive, dependable response Chace No. 6400 
Thermostatic Bimetal is specified for the actuating 
element. It is one of the “6000” Series, specially 
designed for starters and breakers. This series is 
graduated with systematic steps in electrical re- 
sistivity which correspond to a range of ampere 
ratings from low to high. Thus, tooling for a complete 
line of circuit breakers can be greatly simplified in 
design, using the “6000” Series for the actuating 
elements. 


You build top performance into your product when 
you specify Chace Thermostatic Bimetal for the 
thermal element. A complete line of 30 bimetals is 
available in strips and finished pieces; consult our 
engineering department for aid in determining which 
will answer your problem in temperature indication, 
response or control. 


w. M. CHACE co. 


j + f wi 4. ) J j 
Mansapacks 1274 G4 The nenodiadic /siwmediais 
‘ . 


1609 BEARD AVE e* DETROIT 9, MICH 
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Organization of an Instrument Departme 


Continued from page 1003 


trometers, infrared and ultraviolet spectroph 
It is true that in many cases contracts with b 
units make selection of qualified personnel nearly i; 
This article does not attempt to solve this proble: t the 
fact remains that a great amount of the highes 4 
instrument work is being lost to industrial Instru t De 
partments because of the lack of qualified perso 

Special Electronic Sections have been established 
process plants, and their place in the Organizativ | 
may be anywhere. 


As noted before, and important enough to rep: ' 
primary responsibility of an Instrument Department jyga) 
zation is to the Process. 

Some of these responsibilities already have bee, mn 
tioned, such as maintenance of instruments. Others includ 


1. Assist operators in putting units into operation; in maint ng 
erations, and shutting down units. 

2. Compile repair lists on routine or turn-around work 

3. Recommend revisions, additions or dismantlings to impr: 
tions or conserve material. 

4. Assist in design of new equipment. 

5. Furnish safety information to operators. 


To the Mechanical Superintendent the Instrument Depan 
ment is responsible for: 

1. Mechanical work involved in construction and repair. 

2. Coordination of instrument mechanical work with other m 
crafts. 

3. Maintenance of mechanical equipment used by the Depart 
well as additions or revisions to same. 

4. Working agreements with other crafts. 

5. Furnishing estimates on cost of instrument work, when request« 

6. Maintaining and coordinating storehouse stock of instrument mater 


The Instrument Department Foreman should be respor 


sible to the Personnel Director for: 

1. Carrying out over-all company policies. 

2. Protection of individual employees within the Department 
respect to their rights to benefits provided by policy. (This may in 
clerical work involved in vacations, sickness benefits, transfers, et 

3. Depending on plant policy: agreements with other crafts. 

The Department is responsible to the Safety Superviso: 
for: 

1. Formulating any special safety rules peculiar to the work of | 
Department. 

2. Obtaining compliance with special and general safety rules 

3. Investigation of accidents. 

4. Execution of all clerical forms required. 

The Department is responsible to the Chief Storekeepe 
for: 

1. Originating initial orders or requests for material not norma 
carried in stock. 

2. Establishing minimums. 

3. Disposal of obsolete stock. 

4. Advising on substitutions where necessary. 

5. Establishing standards and minimizing duplication. 

6. Clerical work necessary in removing materia! from or returning 
material to storehouse stock. 

The Department should be responsible to the Chief Meta 
Inspector for: 

1. Reporting instances of severe corrosion, erosion or unusual materia 
failures. This practice is quite advantageous because the control valvé 
usually take most of the pressure drop in a process. Failures in thesé 
valves may give a warning of unfavorable or dangerous conditions in the 
rest of the equipment. 

2 Furnishing assistance or reports when requested in making tests 
new materials. 

3. Obtain approval where necessary on design of new equipment whic! 
may be subjected to process pressures and temperatures. 

The Department is responsible to the Chief Design Engi- 
neer for: 

1. Furnishing information on performance of instruments and relat¢ 
equipment. 

2. Recommendations or advice on engineering standards pertaining ' 
instruments. 

3. Furnishing information and consulting with engineering staff or! 
instrumentation problems on new construction. 

4. Approval or advice on instrument layouts on all engineering projects 

I do not know whether an Instrument Department exists, 
anywhere, that meets all of the requirements given her 
Neither will there be complete agreement within the ranks 
of instrument engineers and instrument foremen. However, 
if one or two points are scored, some of us may be nea! 
our objectives. 


; 
‘ 
i 
V. RESPONSIBILITY AND RELATIONSHIPS | 


mtust saa 



























Bulletin F2-1 
Ehective 9.1.49 


Yah MODEL 1300 Wheelco Read the Facts 


About the New 
Model 1300 
FLAME-OTROL 






















i The New, Dependable Combustion Safeguard | 
for Oil and Gas Fired Furnaces, Ovens, Boilers, 
tes Kilns and other Heating Equipment. 












Learn... how the Wheelco 
FLAME-OTROL now renders 


more positive and dependable 







protection to ali types of gas 






mate 


respor and oil fired heating equip- 






| ment from safe-start to safe 
| shut-off: 






.»+ how the many new 









protective features of this 
improved Wheelco FLAME- 
OTROL give you a Combustion 








Safeguard—*“safer than ever.” 
































APPROVED BY ASSOCIATED FACTORY MUTUAL ["""""™U™™™T™nren™ ‘| e+ SPC ERE 
eta AND UNDERWRITERS’ LAB = 
fet ‘i ORATORTES | WHEELCO INSTRUMENTS COMPANY 
a Y Guaranteed Safe-Start VY Design Simplicity Le 
these i] ' 
1 the P d Bulletin F2-1 - 

Y Instantaneous Action Y Program Variety cae coy cian 

Name Title ; 
hie Y Continuous Supervision V Front Accessibility 
i, | Company ; 

Y Versatility of Operation V Voltage Selector Plugs ree 

L i 

Y Fully Shielded Circuit V Blue Sensitive Cell City Te: Cree 

| ' 

i ' 


yp soca cae ates 





RECORDERS COMBUSTION SAFEGUARDS omen Be gek eae 
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SPRING-~DRIVEN 
AND WEIGHT- 
ORIVEN CLOCKS 


MOTOR-WOUND 
CLOCKS 


CLOCKS TO CONTROL 
DELICATE 
ELECTRICAL 
CIRCUITS 


e 
OVER 175 DIFFERENT 
MOVEMENTS 
2 


Send us complete 
specifications of the 
movement you require 
— prompt reply — 
no obligation 


Cll imin 


FOR RECORDING 
INSTRUMENTS 


T “KNOW-HOW” counts 

in instrument making. 
We have built quality 
clock-work mechanisms 
for the recording instru- 
ment industry for over 
half a century. 


The rare combination 
of scientific experience 
and manufacturing skill 
available in our Special 
Movements Division en- 
ables us to meet unusual 
requirements in clock- 
work mechanisms. 


“If it can be con- 
trolled by clock- 
works — we have it, 








at or can make it.” 


CLOCK COMPANY 


385 EVERETT AVENUE, CHELSEA 50, MASS. 








Clock-work Mechanisms For The Instrument Industry 














Regulation of pH 


HIGH RESIDENCE 
























Continued from jx 


RETENTION. 
—. 
LOW RESIDENCE 
FLASH GA a 
| RAW JUICE RECORDING ? 
INLET ELEC TROOES. mm 
-z. 
SULPHUR 4 
STOVE | 
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Fig. 71. Schematic layout of typical low-residence beet sugar sulphitation 


process. 


tration of sulphur dioxide generated depends upon the 


Ippi\ 


of air admitted to it. This process, like the previous one, has 
a low buffer index but gassing is done in a low-residence flash- 
gasser followed by high-residence retention. The major ad 
vantage of this process is that over-gassing and consequent 
“burning” of the sugar, as sometimes occurs in high resi- 


dence gassers, is minimized. 
(E) 


One frequently encounters unique pH control problems in 
the chemical manufacturing industry. They are usually in- 
dividualistic problems requiring specific analysis and specia! 


techniques for control application. Fig. 


72 is representativ: 


of such a problem and applies to a process wherein tw 
liquids are reacted to form a liquid product. The product 
does not lend itself readily to analysis by industrial instru. 
mentation, but a gaseous by-product, having acidic char- 
acteristics, is generated in relationship to product formation. 

To this process, therefore, pH control is applied indirect- 
ly by measuring pH of a constant-volume sample of stack 


rases blended with a metered volume 


of water. Reactant 


feeds are controlled by ratio-flow regulators whose ratio is 
adjusted by pH recorder pHC-1. Fortunately, buffer index 


synchronized metenng pump. 
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© | 
| KELVIN 0d WHEATSTONE 2 | 
Newly redesigned for top-notch convenience pest Seereer ” semaias. dect 
and accuracy... | 
Combining both Kelvin and Wheatstone mi +----- 








ranges from 0.0001 ohm to 11.11 megohms... 
Priced at little more than the cost of a single 
bridge with a limited range... 
This Shallcross No. 638-2-4 combined 
Kelvin-Wheatstone Bridge is a typical example 
of Shallcross instrument efficiency and economy. 


Other instrument types include: 


DECADE BOXES + DECADE POTENTIOMETERS 
HIGH VOLTAGE INSTRUMENTS 
WHEATSTONE BRIDGES+RESISTANCE STANDARDS 
FAULT LOCATION BRIDGES, ETC. 


Write for details on any type. 
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ANOTHER SCORE IN THE 


battle of the inches 


It takes many costly buildings to 
house your telephone system. Every 
inch saved helps keep down the cost 
of telephone service. So at Bell Tele- 
phone Laboratories engineers work 
constantly to squeeze the size out 
of telephone equipment. 


In the picture-a new voice fre- 
quency amplifier is being slipped 
into position. Featuring a Western 
Electric miniature vacuum tube, 


tiny permalloy transformers, and 
special assembly techniques, it is 
scarcely larger than a single vacuum 
tube used to be. Yet it is able to 
boost a voice by 35 decibels. 
Mounted in a bay only two feet 
wide and 111% feet high, 600 of the 


new amplifiers do work which once 
required a room full of equipment. 


This kind of size reduction 
throughout the System means that 


more parts can be housed in a given 
space. Telephone buildings and 
other installations keep on giving 
more service for their size — and 
keep down costs. 


The new amplifiers, which will 
soon be used by the thousands 
throughout the Bell System to keep 
telephone voices up to strength, are 
but one example of this important 
phase of Laboratories’ work. 


BELL TELEPHONE LABORATORIES EXPLORING AND INVENTING, DEVISING 
AND PERFECTING, FOR CONTINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE 
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[EPLAB | 
ermopiles 


Py, For many yeors the thermopile hos 
been the accepted instrument for meas- 
uring Radiant Heat from Radiant Heaters 
at the American Gas Association Testing 
laboratory in Cleveland, Ohio. Since 
1930, when Vandoveer first described his 
work in this field,* an Eppley thermopile 
has been used for this purpose in hun- 
dreds of tests and the results have been 
consistent and accurate to within 1 per 
cent. 

This is but one of many applications in 
the field of radiant energy measurements 
for which Eppley Thermopiles are ideally 
suited. They may be obtained with win- 
dows of different materials, and various 
types of black are available for receiver 
coatings. 

All Eppley Thermopiles are supplied 
with a certificate of calibration, this 
calibration being made against a Stand- 
ard Lamp from the National Bureau of 
Standards. 


If you have a problem involving the 
measurement of radiant energy we invite 
you to write us, describing your problem 
in as much detail as possible. We will 
be glad to make recommendations and 
there will be no obligation. 

*Vandaveer, Industrial & E 
Chemistry, Vol. 22, page 596, June 1930. 
































THE EPPLEY LABORATORY, 


NSTRUMENT 


NEWPORT RHODE 





THREADED SOCKETS FOR BI-METAL 
THERMOMETERS 


1-130 — %" or 1” threads 

— without lagging extension. 
threads 

— with 2” lagging extension. 


7-131 — 3%” or 1” 
Specify mounting thread size, thermometer 
stem length, make of thermometer and 
material. 


Wall thickness: 0.120” 


Plug and Chain available. 
. . 








Lie 


ISLAND, U.S.A, 





TRINITY manufactures all types of metal 
protecting wells for the primary detecting 
elements of all types of temperature indicat- 
ing, recording and controlling instruments 
for a wide range of industrial applications 


1-130 Series 
TRINITY Threaded Socket 
for Bi-Metal Thermometer 











SEND FOR your copy of new 
illustrated TRINITY catalog. 


TRINITY EQUIPMENT 


oA PP OR 2 TCT 
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| restricting variations in production rating to a narr 


| of the reaction is low and the installation has pro 


| 


| itations similar to the one described, but it is no’ ro. se 


| to production rate of the process may not be line 


| apply direct measurements wherever possible. 






satisfactory—although it is desirable, as a genera 
This method may be applicable to processes ha 
mended for general use. The ratio of stack gas co) 


rising pH beyond stoichiometric maximum for o0: 


| may cause the pH regulator to do the wrong th "The 


condition was obviated in the process described by o 
at a stack pH slightly below stoichiometric maxi: 


It should further be noted that pH of the dilutic. . 


| must be constant. This condition obtains fairly w. | y, 
| municipal or treated industrial water supplies and, a- 4 ry), 
| these waters are sufficiently well buffered to introduce , 


objectionable errors into industrial pH measurements. );, 
tilled water or condensate cannot be used. 
(F) 

Sometimés it may be desirable to use pH as a measure 
ment of salt or acid content of strong solutions, but cond 
tions of ionization or buffering effect make the measure 
ment insensitive at the concentrations involved. It may 
possible, in some cases, to use other methods such 
ductivity measurements which do show ample sensitivity 
the required ranges, but it was found, in connection wit 


| the process to be described, that it was more convenient t 


| use pH as a measure of acid strength in a range of concer 


tration where conductance characteristics exhibited a “fo| 


| back” or reversal of characteristics. 





Strong acid, having a pH ranging from 1.0 to 2.0, \ 
be reacted with an alkaline material, but sensitivity of the 
pH variable at the low values involved was inadequate t 
permit accurate dosage. A special alloy pump of the propor 
tioning type was available and was used to meter a few cc's 


per minute of: untreated acid and the required volume of 


plant water to raise pH to approximately 5.0 where th 
acidity characteristic is steep and extremely sensitive t 
small changes in acid strength. A diffuser, consisting of ; 
section of pipe with internal baffles, was connected to th 
common discharge line from the pump, and ahead of the elec 
trodes to blend the metered liquids as illustrated in Fig. 73 

The control engineer may find similar applications of th 


method to other concentration measurements, but it should 


not be. applied without analysis since, aside from 
transfer lags, there are two major limitations, 
serious of which is the necessity for special alloy pumps t 
handle concentrated acids of a corrosive nature. Secondly, : 


| change of 1.0 pH corresponds to a ten-fold change in co 


| centration of H+ ions and errors of metering the acid and 
water are amplified in the higher pH ranges. The same am- 


| vantages for laboratory or pilot-scale investigations but its 


| ing practice. 


plification of pH changes occuring in the strong acid applic 
in the higher pH range, but such amplification is not 

limitation since corresponding percentage changes are sin 
ilar. In general, the principle is unique and offers many ad 


production unit use is not to be regarded as good enginee: 


(G) 
Another interesting application of pH control is in con 


mercial air conditioning where it is applied as an operation: 


check instrument.* 
The humidification unit of an air-conditioning systen 
passes the treated air through a controlled water spray, fron 


which the water is recycled through intermediate processing 
stages. Carbon dioxide, from exhaled human breath, collects 
in the recycled humidification water and must be removed 
by controlled alkali additions and/or regulated purge. Th: 


process illustrated in Fig. 74 has a fixed purge and pH i 

regulated by controlled caustic feed. Other, more modem 

processes may 

purge, but pH may be used as an index of acid content. 
(H) 


Experimental studies on pH control of pulp digesters 


| have provided an interesting application for automatic « 


trol equipment. It is not customary practice to measur 

*For definition and description of operations check instruments, 
“Analyzing the Instrumentation of a Continuous Chemical Process 
4. L. Chaplin, Instruments, Vol. 21, June 1949, pages 532-540. 


added 


the most 


remove carbon dioxide without frequent 
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FLAT MATERIALS 





AMTHOR 


TENSILE STRENGTH 


TESTERS 


FOR 






PAPER 
CORDAGE 
RUBBER 
LEATHER 
WIRE 


PAPER FOLDING ENDURANCE TESTER 
BURSTING TESTER 
MICROMETERS (POCKET and DESK) 
PAPER BASIS WEIGHT SCALES 
CORDAGE SCALES 
ALUMINUM FOIL SCALES 
COMPUTING SCALES 
RUBBER ABRASION TESTER 
DEAD WEIGHT 
PRESSURE GAUGE TESTER 
TACHOMETERS 
INDICATING and RECORDING 
MERCURY COLUMN GAUGES 


AMTHOR 
TESTING INSTRUMENT CO., INC. 
48 Van Sinderen Ave., Brooklyn, N. Y. 
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HARDNESS 
TESTING... 


done WITH NO MENTAL 
HAZARDS. The SCLERO- 
SCOPE has done it for the 
past 42 years. 


In general use 
for specification 
purposes. Sim- 
ple, sturdy. ¥ 
Comparatively Fam 
inexpensive. < 






Illustrated 
bulletins 


free 


The Shore Instrument 
& Mfg. Co., Inc. 


9025 Van Wyck Ave., Jamaica 2, N. Y. 
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RELAYS aad TIME SWITCHES 


Gwe 


Ruggedly constructed to exacting 
specifications that are carefully en- 
gineered to provide ample safety fac- 
tor... quality all the way through! 

Automatic’s relays are not built to 
a price but to an unexcelled standard 
of performance. That’s why they are 








of Diamon vality 















Open Type 
“Can” Type 
With Plug-in 

Tube Base 

A. C. of D.C. 

Midget Relays 
Dual Purpose 













Relays the choice of so many “big name’”’ 

‘ Delayed s manufacturers. 
Make” or "Break We engineer and build a wide vari- 
Automatic ety of stock model relays for practi- 






Circuit Control 
“Current” and 
“Potential” Relays 






cally all applications. A staff of com- 
petent engineers will design and build 
relays to fit your requirements 

Stock models or custom built, ev- 
ery relay we manufacture will deliver 
the same dependable performance 
that has fone = the “‘Diamond Seal’’ 
line the choice of those who measure 
quality by performance. 


@ TIME SWITCHES — Equipped with 
Synchronous Self-Starting Motors 
and Silver Contacts. 


For any load, for every installation, 
look to Automatic for the finest in 
Time Switches and Interval Timers. 


WRITE FOR CATALOG 
















DePeNDABLE 
POWER FoR 


Instrument 
Applications 


High-Speed Electronic Recorder 
uses a Bodine Motor 








New Electronic Recorder 


Six different graphical records can now be made on one chart 

from a single measuring system with a new electronic re- 
corder. A dependable Bodine Type K motor is used to 
move the stylus arm back and forth to select the different 
colors of ink required for the various graphs. 


Bodine Type K motors are favorites for inclusion in all 
types of indicating and recording instruments. 


If you have a motor application problem, Bodine engi- 
neers will be glad to give you the advantage of nearly a 
half-century’s experience. Bodine Electric Company, 
2244 West Ohio Street, Chicago 12, Illinois. 


MOTORS 


Nov ember 1949 






FRACTIONAL 


HORSEPOWER 
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LABORATORY VARIABLE SPEED MOTOR 


2T60: rectifier controlled, variable speed, reversi- 
ble, gear head motor, armature shaft 300 to 4000 
rpm, geared shaft 18-1 reduction, 1/50 h.p., 5 
inch pounds torque. 110-120 volts — 60 cycle. 


Ratios of 30-1; 300-1 also available. 


100-1; 








Rectifier and 18-1 motor $47.50 
Other ratio motors $51.00 
FOB Baltimore, Md. 


GERALD K. HELLER COMPANY 


BOX 42, BALTIMORE 23, MARYLAND 











PHILADELPHIA 
THERMOMETERS 


for SPECIALIZED 
INDUSTRIAL USE 























These thermometers made with 
side or oblique angle stem or 
with longer stem and socket. 
Five inch scale case. 


SEND FOR CATALOG 


THE PHIL ADELPHI THERMOMETER CO. | 






SIXTH & CAYUGA STREETS 


PHILADELPHIA 
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control pH of production digesters but experime: 
made on a research pilot-plant scale have neces 

development of techniques which may be applica! 
ilar unusual processes. 

The process operates at elevated pressure and 
ture, thus necessitating forced injection of con) 
into the system. Furthermore, the high-temperat 
must be cooled to a range within limitations of the ; 
The experimental process illustrated in Fig. 75 is a: 
cook circulating process wherein an acidic chen 
jected at the suction side of the circulating pump. 
displacement feed pump, provided with a return 
regulator and ballast tank, was used to supply rea 
conventional throttling control valve. However, m: 
developments in the direct throttling control of po 
placement pumps have made them very attractive a 
feed devices and one might find cost advantages in yplyir 
them to high-pressure processes instead of control valve. 
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PH recorder 








— water 











electrodes 
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proportioning 


pump 4 





diffuser 














5 Lc Htrong acid 2 | $ 


Fig. 73. Continuous dilution of metered sample of strong minera 
increases measured pH to more sensitive region of acidity characteris 
Dilution water must be well buffered at constant pH. Municipal or treat 7 
industrial water supply is satisfactory. Distilled water is not recommende 








The effect of reducing temperature of the process liqu 
for continuous measurement in an outboard flow assembly is 
to cause an increase in pH. In other words, the true pH of ; 
any solution depends upon its temperature and, should 
liquor within the processing vessel be at a higher tempe: 
ture (within a maximum limit of approxixmately 460° F., se 
Fig. 76), its true pH will be lower than the true pH of th 
cooled liquor at the electrodes. This temperaure effect 
characteristic of most all aqueous solutions and the 
magnitude of pH change with temperature depends upon t! 
coefficient of the specific solution measured. 

The temperature compensator of electrode 
does not correct for this effect: its function is to correct th 
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water make-up 





actua 


assemblies - 





humidification 


unit 























water 
conditioners 









































ra 
' 
; 
©) PP pmme 
5 





purge or PH recorder 
saustic feed 
#)--) 
' 
} bee re oo om 


Fig. 74. Use of pH controller as operations check instrument in air-con 
ditioning process. Controls caustic addition and/or purge to remove CO 
from humidification water. 







Standard 


TIMERS 


WORLD'S MOST ACCURATE AND RUG- 
GED TIME MEASURING INSTRUMENT. 
CAN BE MANUALLY OR ELECTRI- Soup 
CALLY OPERATED. FURNISHED IN 

PORTABLE CASES OR FOR PANEL MOUNTING. 





















WRITE FOR BULLETIN 153 


also Standard Chrono-Tachometers °* 
Standard Custom-built Laboratory Test and Distribution panels 


ME Standard Electric lime Co. 


Springfield, Mass. 


; 
} 
; 
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93 Logan Street 


FOvuncaee 1886 


<L1QUIDS WORTH STORIVG- 
ARE WORTH 
_ aS” 
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7OMETER 
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Fe FOR GAUGING LIQUIDS 
OF ALL KINDS 

@ 100% AUTOMATIC 
@ APPROVED BY 

— UNDERWRITERS’ 

WRITE FOR COMPLETE DETAILS LABORATORIES 


rue LIQUIDOMETER cox: 


36-27 SKILL 











MAN AVE., LONG ISLAND CITYIN.Y 
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THESE 
‘‘JAGABI’’ 


SLD 
MIASURING 
INSTRUMENTS 











*Jagabi”’ Type 'p” 
Hand Tachometer 


"Jagabi”’ Type tA” 
Universal Hand 


A direct-indicating instrument for Tachometer 
measuring instantaneous speeds Three wide, individual ranges per 
and speed variations. Five indi- instrument. Pointer turns twice 


around the dial providing easy, 
accurate reading. Two models— 
each with a three range series 

are available. One series: 25 
to 300, 250 to 3000, 2500 to 
30,000. The other: 30 to 400, 300 
to 4000 and 3000 to 40,000 rpm 


vidual ranges in one instrument. 
Three models available with 
maximum limits of 12,000, 18,000 
and 24,000 rpm respectively. 
Various shaft attachments permit 
readings of rotational, linear and 
peripheral speeds. 


Te en ee ane 





"Jagabi’ Hand 
Tachoscope 


"Jagabi” Speed 
Indicators 


These speed measuring instru- 
ments are chronometric type and 
indicate average revolutions per 
minute — automatically calculated 
after either a 3 or 6 second 
period of running. Low, medium 
and high Speed Indicators are 
available up to 100,000 rpm. 


A combined stop watch and revo- 
lution counter for measuring time 
and motion with extreme accuracy. 
Indicates time in 1/5 second and 
one minute intervals. Measures 
rpm up to 10,000. 


For complete information on these and many other 
speed measuring instruments, write for Bulletin 35-| 


JAMES G. BIDDLE CO. 


Electrical & Scientific Instruments 


1316 ARCH STREET, PHILADELPHIA 7, PA. 
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“Veeder-Readings” 


ARE DIRECT READINGS 





ve THAT MINIMIZE 
CONVERSIONS, 
ERRORS, DELAYS 
















Put an end to the selting and 

reading of hairline graduated dials 
on all types of machines 

Install a Veeder-Root ¢ ounting 
Device that will give direct and 
accurate Countrol over rate of 
feed, depth of cut, or any other 
Phase of operation 

Then operators and iNspectors 
get their Pacts-in Figures directly, 
plainly, unmistakably in bold, 
easy-to-read figures that don't 
have to be converted, decoded or 
otherwise translated 


2257925 





Tht Comoting omag 1b veamelig 
VEEDER-ROOT INC. 


Hertford 2, € 
dn Canada Veeder- Roo anada, 1rd _.945 St James Si, 


Montreal 5. te Bagland Veeder Kenn Lid, Dickinson 
Works, 20 Purley Way. ( rondon, swrry 











DWYER_ 
MAGNEHELIC 


@ Filter Resistance 
@ Air Velocity 

@ Furnace Droft 

@ Fons & Blowers 


@ Gos & Static Pressures 


DWYER Bulletin 250 
gives you full details. 
Write for it! 








er 


THIS IS REALLY IT... a pressure 
gage that’s compact, long lasting, 
and highly accurate — with no 
bearings or links to wear out! 


” DWYER Magnehelic Gages, featur- 
ing a helical magnetic linkage, are 
sensitive to % of one thousandth of 
on inch magnet movement. Give 
you Plus, Minus and Differential 
readings... cannot be damaged 
by over or under pressures high as 
5 ibs. PSI. Portable and stationary 
models, with ranges from 0-%” of 
water up to 0-12” of water 


Mfg. Co. & 


305 SOUTH WESTERN AVENUE, CHICAGO 12, ILLINOIS 
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“E —pH” relationship of the glass electrode 
varies with temperature. If the electrode is so 
for temperature, it will indicate the correct pH « 
tion at the temperature of measurement. However. 
within the vessel will be at a different pH which c 
mated by adding algebraically the true measured I 
product of the liquor coefficient and temperature . 
Moreover, coefficients are not linear with tempe: 
the accuracy of interpolation will depend upon th 
ture of operation and temperature difference at 
trodes. 






AUTOMATIC pH CONTROL OF 
INDIRECT-COOK PULP DIGESTOR 


SCHEMATIC FLOW DIAGRAM 
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Fig. 75. Application of «.tomatic pH control to experimental pilot-scale 


indirect-cook pulp digester. 
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Fig. 76. Relationship between temperature and pH of pure water # 


neutrality. 


The technique of cooling measured sample is used quit: 


widely in the application of concentration instruments be- 
cause the limitations of existing primary elements restrict 


them to moderate ranges of temperature and pressure wher 
the majority of industrial applications are found. Until suc! 
time when temperature and pressure limitations can be ex 


tended beyond present ranges, such special applications a: 


the one described may require similar techniques in applica 
tion engineering. 
To be continued 
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By HAROLD M. McCARTHY* 


SHORTLY after the Society was or- 
S ganized on a national basis, a small 
} group of the charter members got to- 
Ivether to discuss ways and means by 
‘which the Society could contribute to 
; pindurtry. It was determined that among 
the membership were many individu- 
als who possessed years of experience 
in the field of instrumentation and auto- 
imatic control. These people, if or- 
Hganized into technical committees, 
= would be able to pass on valuable 
J knowledge and experience in the form 

of recommended practices. 
In the fall of 1946, these early dis- 
cussions culminated in the formation 
Sof the Recommended Practices Com- 
mittee of the ISA. The objectives of 
the committee were defined as follows: 
> “To study technical practices in instru- 
mentation; to prepare and recommend 
uniform practices where adoption of 
such uniformity would simplify work 
and facilitate general understanding; 
and to promote their general adoption.” 
i4 The scope of the committtee work 
is confined, in general, to the study of 
| technical practices of an engineering 
— nature. Research, design and develop- 
ment of new equipment or materials, 
or projects of similar nature, are not 
Lal considered a function of this group. 
Suggestions or assistance along these 
lines are conveyed to other technical 

- committees or societies. 

The membership of the Recommended 
Practices Committee is limited to a 
1 maximum of twenty-five engineers who 
are actively engaged in the field of 
measurement and automatic control. 
The chairman is elected from this 
group. Approximately one-fifth of the 
members perform liaison work with 
other professional or technical societies. 
_ ff The function of each member of the 
ite RPC is to act as chairman of a sub- 
committee. Each subcommittee is or- 
ganized by the subcommittee chairman, 
who selects the individuals to work 
with him as members of his subcom- 
mittee, with the object of preparing 
tentative recommended practices for 
a particular type or phase of instru- 


heat *rdrang 


lot-scale 


‘Reporter of Recommended Practices Committee 
o ISA Journal. 


LS.A. National Office, 921 Ridge Ave., Pittsburgh 12, Penna. 
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| The Recommended Practices Committee 
| of the Instrument Society of America 


mentation with which his subcommit- 
tee is most familiar. 
Procedure for selecting technical 


subjects or projects for investigation 
is handled by a survey group estab- 
lished by the Recommended Practices 
Committee. The function of the sur- 
vey group is to establish whether a 
suggested project would benefit users 
and/or manufacturers of instruments. 
If the results of the survey establish 
the necessity or desirability of further 
work on the subject, a recommendation 
to that effect is made to the Recom- 
mended Practices Committee. The liai- 
son members of the RPC advise if the 
other societies or associations they rep- 
resent have any similar projects which 
would conflict with the one proposed. 
If no conflict is indicated, the RPC 
establishes the subcommittee, defines 
the scope of the project, makes recom- 
mendations on the program and per- 
sonnel of the subcommittee, and selects 
the subcommittee chairman. The proj- 
ect is given a number and the subcom- 
mittee is thus established. 

The subcommittee chairman organ- 
izes has subcommittee from qualified 
individuals residing in local geograph- 
ical locations in order to facilitate ease 
of travel to attend meetings. Various 
means are used to obtain opinions from 
users, manufacturing and contractor 
engineering groups. This information 
is collated to form the basis for a 
report for presentation to the Recom- 
mended Practices Committee. The re- 
port is reviewed by all the members of 
the RPC who submit their comments 
and suggestions to the chairman of tne 
RPC. This information is passed on 
to the subcommittee chairman who 
takes the action indicated by the ma- 
jority of the comments. The report is 
revised or corrected as necesary and 
is then resubmitted to the RPC for 
promulgation into a tentative recom- 
mended practice. 

After the “Tentative Recommended 
Practice” has been validated for pub- 
lication, it is printed and distributed 
to the members of the Instrument So- 
ciety of America for inclusion in the 
ISA looseleaf binder. This volume, 
issued to all members of the ISA, will 
constitute a valuable handbook for 
instrument engineers. 


No. | | 


Report on the Employment 
Register, Fourth Annual 
Conference of the ISA, 
St. Louis, Mo., Sept. 
12-16, 1949 


The Employment Register was oper- 


ated by the following committee of 
the St. Louis Section: Wm. K. Volz, 
Chairman, F. E. Head, W. J. Katt, 


Rosenbaum, C. 


J. Opie, C. P. Orr, W. 
W. Zurow. 


Werstler, H. Zeffren, E. 


AT AT 
OPENING CLOSING 
Sept. 12 Sept. 16 


Positions Open . 17 

Instrument Engineer appli 
cations for positions on file 44 

Instrument Mechanic appli 
cations for positions on file 

Prospective Employers who 
examined files for qualified 
instrument men 

Interviews arranged between 
prospective employers and 

applicants LS 


The relative minor employment ac- 
tivity may be considered due to the 
following: 


1. Applicants were limited to mem- 
bers only; in previous years any instru- 
ment man (members and non-members) 
were eligible for consideration by the 
Register. 

2. The current decrease in business 
activity may have prevented many mem- 
bers from attending and making appli- 
cation in person. 

3. The current decrease in business 
activity may have been responsible for 
the relatively low number of open } 
sitions. 

The facilities provided by the Suciety 
for the Employment Register were quit 
adequate consisting of an employment 
desk operated by the Committee and 
two interview booths for review of nik 
by prospective employers, and for in- 
terviews and consultations. 

Wm. K. VOLz, 
Employment Committee, 
St. Louis Section 


Chairman 


NOTE: During the two weeks fol 
lowing the Conference and Exhibit, 62 
mailed applications were received from 
members for the positions posted at the 
Employment Register. Apparently 
members who attended took home a list 
their less 


of the open positions for 
fortunate member friends. This bears 
out the contention of Mr. Volz that 


decrease in business activity may have 
prevented many interested members 
from attending. 
C. F. Gotpcampe, Chairman 
National Employment Committee 
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HE supreme precision of a beam 
of light is an old story. It is 
straight — regardless of the dis- 
tance it travels. It exerts no pressure 
on the objects it falls upon. It does not 
wear. And it is exact — furnishing the 
universal standard for all measurement. 
But if these properties of light are 
themselves an old story, their applica- 
tions in industry constitute a new one. 
For not until light has been harnessed 
by optics, are these properties useful 
as a means of gaging in the shop or 
plant. Yet once harnessed light rays can 
be tools —can, for example, measure 
the angle between two related surfaces 
to an accuracy of less than one second 
of arc, measure a rise of .002 inch in a 
distance of 30 yards, or magnify an ob- 
ject to a degree where one operator 
can check 18 separate dimensions to 
tolerance of .0005 inch at a rate of 280 
parts an hour. 

Each of these applications apply fa- 
miliar principles of light. In one case a 
beam of light is used as a perfectly 
straight line of reference. In another, 
this beam is put to work by applying the 
simple geometric principle that the 
angle of reflection equals the angle of 
incidence. In the third, advantage is 
taken of the ability of optics to change 
scale. Which property is pertinent, de- 
pends on the product in manufacture, 
how it is made, how it is inspected, and 
how it is used. 

However, this does not mean that a 
large research program in optics is a 
prerequisite of using light as an in- 
dustrial tool. Certain basic optical de- 
signs are applicable to the majority of 
industrial uses because of their univer- 
sality and their versatility. These fall 
in three major classifications. 


a. Autocollimation—in which a beam 
of light is reflected back on itself 
from a reference surface on the 
work, for checking the angle be- 
tween two planes to any desired ac- 
curacy, however, far separated. 

b. Telescopic alignment — employing 
such devices as double-ended tele- 
scopes and divided-aperature objec- 
tives, for establishing by absolute 
methods a line of sight in fixed re- 
lation to a plane and then measuring 
displacements of distant targets 
from it in ten-thousandths of an 
inch. 

c. Projection of silhouettes and illum- 
inated surfaces to a screen where 
they can be measured and examined 
at any magnification, by eye, by 
photocell, or by photography. 

Instruments falling under the classi- 
fication of autocollimation are for the 
measurement of angle. Their basic prin- 
ciple is simple as a good gage should 
be. Everyone knows that to see his 

reflection in a mirror he must stand di- 

rectly in front of it and this knowledge 

is the basic premise of the autocolli- 
mator. Yet, the angular tolerances prac- 
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at the Fourth Annual Conference 

Instrument Society of America, Sept. 
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pressions of the authors and not those of the 
Society. 

tChief Tool Engineer, 
Eastman Kodak Company, 
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Hawk-Eye Division, 
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Light Rays Can Be Tools* 


By ALLEN R. FULTZ+ 


SOLLmarOR 

tical with instruments in this group, 
may be evaluated by the fact that one 
second of arc is equal to a rise of .001 
inch in a distance of 17 feet or a rise of 
one inch in a distance of about 3% 
miles. 

Fig. 1 illustrates an instrument of 
this type to check flange faces on each 
end of a tube, regardless of length, for 
parallelism. The tolerance governing 
this parallelism was 30 seconds of arc. 
Stated in another way, if the lower 
flange was resting on a surface plate 
and the upper flange was indicated 
across its diameter, the permissible tip 
from one side to the other would amount 
to .0006 inch. The residual error in the 
autocollimator was in the order of 5 
seconds of arc, and parts were, there- 
fore, accepted or rejected on a variation 
of 25 seconds of arc. 

Fig. 2 is a cross-sectional view of 
the autocollimator and target mirror 
mounts. The top face of the instrument 





















































has been lapped to a flat surfac. | 
wise, the bottom face of the tar; 
ror mount is a flat lapped surf 
work piece has been removed | 1d +} 
lapped surface of the target »ir, 
mount is in direct contact v 
lapped surface of the _ instriumey; 
Through the eyepiece, an obser 
a magnified image of a reticle whi 
for the moment can be consider«d a 
cross-line scribed on a clear glass dis 
The light source just below t: 
piece projects, with the aid of 
silvéred mirror, an image of th« 
through the telescope lens. Th 
jected image strikes the bottom mirro; 
and is directed upward through the to, 
face of the instrument in a directio; 
perpendicular to the lapped surface. 


The target mirror is then adjusted j 
its mount until the image of the retic) 
is reflected exactly on itself returning 
into the telescope lens. An operator 
looking through the eyepiece will se¢ 
only the actual reticle, the image r 
turning from the target mirror being 
obscured by the reticle. Now, if the 
target mirror is tipped the image wil 
not coincide with the reticle and thé 
amount of tip can be read directly if 
the reticle has been provided 
suitable graduations. 

The operation of inspecting the 
flanged tube is simply to place one end 
on the top surface of the instrument 
and set the target on top of the tube, 
reading the deviation of the reticle and 
making certain it is within the speci- 
fied tolerance. Since no skill or special 
training is required on the part of the 
operator, this method of performing a 
difficult inspection has proved far more 
satisfactory than the usual snap gage 
or the more general surface plate and 
height gage methods of inspecting such 
parts. 

This instrument illustrates some of 
the superlative advantages of light as 
a measuring medium. There is no wear 
in a light beam — it exerts no pressure 
on the work — and it is not subject t 
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variations from bending or 








tempera- 
ture effects. Furthermore, autocollima- 
tion is totally insensitive to distance. 
Since the telescope lens is focused on in- 
finity the beam emerging from the 
telescope lens is parallel light. Hence 
it can be sent over any distance with- 
out any change in the image of the 
reticle. The angular deviation of the 
light beam is the same whether the two 
surfaces to be measured are only a 
fraction of an inch apart or separated 
by many feet. Had the tube been a solid 
shaft, the light beam could have just 
as easily been brought up the outside 
with a target mirror mount designed to 
offset the beam. 

Another important advantage in this 
particular instrument is that it is self- 
checking at the convenience of the oper- 
ator. With the two lapped surfaces in 
contact the instrument should read zero. 

In addition to checking the parallel- 
ism of the flange shown on the tube in 
Figure 1, autocollimation can provide 
a check of the angular relationship ex- 
isting between the two bearing surfaces 
and the ends of the tube. When the tube 
is raised from the instrument and lo- 
cated in relation to the light beam by 
two vees in which the bearings rest, the 
target mirror will then be deflected by 
the angular error between the bearings 
and the upper end of the tube. This 
error can be read directly in terms of 
angle. To check the bottom end of the 
tube it could be reversed in the vees 
and checked. A faster method, however, 
would be to have a second target mirror 
with a lapped surface above the mirror 
which can be clamped on the lower end 
of the tube and interrupt the beam at 
that point. 

Fig. 3 shows an actual instrument 
used to inspect a tube of this type ap- 
proximately 7 feet long. The problem 
was to check the parallelism of both 
ends of the tube in relation to each 
other and also in relation to two cyl- 
indrical bearing surfaces. The bottom 
end of the tube was placed in a support 
on which was mounted a mirror. This 
support was carried on a spherical bear- 
ing so that it was free to swivel in any 
direction. The bearing surfaces were 
then clamped into two ball bearing vees. 


The autocollimator at the top of the 
instrument is in principle like that just 
described, except that a 45 degree mir- 
ror has been attached at the telescope 
end to direct the beam downward. The 
bottom mirror naturally assumed a po- 
sition parallel to the plane of the lower 
end of the tube and thus the error be- 
tween the end of the tube and bearings 
could be read directly. Rotating the tube 
in the ball bearing vees gave an indica- 
tion of the lack of concentricity be- 
tween the two bearings since this would 
introduce an added error. 

To check the upper end of the tube a 
second target mirror mount having a 
mirror mounted on its upper face was 
simply placed on top of the tube inter- 
cepting the light beam at that point. In 
this manner, the same inspection could 
be made of the upper end of the tube. 

The specified tolerance for parallel- 
ism between the ends of the tube was 
30 seconds of are or .00014” per inch 
of diameter. The diameter of the tube 
was approximately 3% inches. The tilt 
between the: two faces could, therefore, 
amount to a total of .00044 inches. The 
tolerance for perpendicularity between 
the ends and the bearings was 40 sec- 
onds of arc. The actual height of this 
fixture is about 8 feet; it illustrates the 
point that autocollimation is insensitive 
to distance. 





There are instances in which it is 
more desirable to take the autocol- 
limator to the work. Fig. 4 shows an 
autocollimator mounted on a base for 
use as an optical square. The target 
mirror is mounted on an adapter which 
fits the spindle of a verticle milling ma- 
chine. As set up in the illustration, the 
autocollimator is being used to check 
the squareness between the spindle bore 
and the table of the milling machine as 
the table is traversed. By other simple 
optical arrangements, the wobble of the 
spindle in relation to the table surface 
could be inspected. Still another prob- 
lem might be to check the squareness 
of the traverse of the vertical spindle 
with relation to the horizontal machine 
table. 

Naturally, the base instead of being a 
flat surface could be of any design to 
fit vee ways or bores as the alignment 
problem might require. The angular ac- 
curacy of this unit was 15 seconds of 
arc. However, rugged practical instru- 
ments for shop use can be built with a 
sensitivity of 5 seconds. This sensitivity 
can be increased if the precision of the 
job warrants the added cost of com- 
plexity of a suitable collimator. Instru- 
ments are now in use to measure angles 
to a tolerance of .3 of one second. This 
tolerance in lineal terms is a rise of 
.001 inch in a distance of about 50 feet 
or 1 inch in a distance of about 11 
miles. 


Fig. 5 illustrates a special instru- 
ment for use in manufacturing gear cut- 
ting machinery which somewhat 
unique in that it combines the principles 
of both autocollimating and telescopic 
alignment. The job is to align two bear- 
ings in a gear box at the front of the 
machine with a third bearing of a dis- 
tance of about 4 feet. This third bear- 
ing is mounted after various subassem- 
blies of the machine have been built 
up, and variations in the tolerance of 
these subassemblies are absorbed by 
mounting the bearing on a shim to ad 
just it in vertical position. In the hori- 
zontal position, the base of the bearing 
is fitted in a circular recess and can be 
turned in this recess to align its axis 
with the axis of the bearings in the gear 
box. The problem was to determine the 
correct thickness of shim for the verti 
cal position of the bearing and to rotate 
it in the circular recess until all three 
bearings were on the same axis. The 
tolerance requested was + .001 inch for 
the correct shim thickness. Failure to 
obtain good alignment showed up as 
measurable errors in the gears being 
produced by the machine. 

The mechanical method of doing this 
job was to place a shaft through all 
three bearings after inserting a shim 
of maximum thickness. Then by simply 
rotating the shaft as well as moving 
it axially through the bearings, the op- 
erator determined by feel whether 
not the shim was correct. The shim was 
removed and ground thinner until the 
mechanic felt satisfied that the bearings 
were well enough aligned to insure 
good machine performance. An average 
of four hours’ time was required to per 
form this assembly. However of more 
significance was the fact that if a ma- 
chine assembled by a given operator at 
one time was inspected by him on the 
next day, he very often considered the 
assembly unsatisfactory which meant 
that little confidence could be placed in 
the actual accuracy of this operation. 

To do the job optically, a target is 
placed in the bearing to be adjusted. 
This target consists of a mirror mount- 
ed on the end of a cylinder which ac- 
curately fits the bearing. A cross-line 
is cut through the silvered surface of 
the mirror and a small lamp behind the 
mirror serves to illuminate this cross- 
line. With the target in place a special 
autocollimator is mounted in the gear 
box. The bearing carrying the target 
can then be adjusted so that its axis is 
parallel to the axis of the bearings in the 
gear box, although not necessarily on the 
same line. The next problem is to meas- 
ure the correct shim thickness to bring 
these two axes together. The autocol- 
limator lamp is switched off and the 
one that illuminates the target cross- 
line is turned on. By slipping a cap in 
which is mounted an auxiliary lens 
over the end of the autocollimator it 
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becomes a telescope focused on the tar- 
get crossline and with a reticlé gradu- 
ated in thousandths of an inch an ob- 
server can read the exact thickness of 
shim required to bring the axes of the 
bearings on the same line. 

Instruments of this type undoubtedly 
offer an answer to many problems that 
exist in all kinds of machine construc- 
tion and maintenance. The total inspec- 
tion time is only a matter of 15 minutes 
or so and the adjustment of the target 
in the instrument is easily checked by 
placing both components in vee blocks 
on a surface plate. When aligned, the 
instrument —if in correct adjustment 

will read zero. 

This instrument illustrates in a sim- 
ple manner the idea of telescopic align- 
ment. It is sufficiently accurate for the 
application described. However, where 
real precision over considerable dis- 
tances is required, other optical com- 
binations should be used. Fig. 6 shows 
an instrument called a telescopic align- 
er, which establishes by absolute 
methods a line of sight in fixed relation 
to a plane and will measure displace- 
ments from this line in 10 thousandths 
of an inch. It was designed in response 
to a request from several companies 
for an instrument of such accuracy to 
be used for the erection and inspection 
of long planer beds. 

The beds of these machines some- 
times are 100 feet in length and the 
guiding ways in the top of them must 
be straight and parallel within a few 
thousandths of an inch throughout their 
entire length. The common method of 
aligning these long beds is to stretch 
a piano wire along the side and observe 
the wire through a microscope mounted 
on a vee block moving in the vee way. 
This operation aligns the bed in the 
vertical plane. The horizontal alignment 
is made with a precision level, but one 
of the difficulties in using a level is 
that the center of long beds is usually 
raised appreciably to compensate for 
the sag that occurs when the heavy 
table and work is placed on the bed. 

Obviously, these methods are cum- 
bersome and subject to error from air 
currents and vibration. To make this 
alignment optically a target mounted 
on a vee block is placed in the vee way 
of the planer. The target itself is a 
simple illuminated slit. As the slit is 
moved up or down the indicator will 
register the amount of movement. 

The aligner itself is placed on a small 
surface plate mounted on a _ pedestal 
of suitable height at a short distance 
from the end of the machine. The top 
of this surface plate is leveled to the 
precision required with sensitive levels. 
Three tungsten carbide pads on the 
bottom of the instrument rest on the 


surface plate. 

These pads have been lapped into 
exact alignment with the optical line 
of sight. The optical axis of the instru- 
ment is now level and if the instrument 


is turned on the surface plate the line 
of sight describes a plane in space which 
is also level. If a distant target is 
placed in the line of sight then the dis- 
tance from the target to the bed sup- 
porting it can be measured. The observ- 
er using the instrument only determines 
when the target is exactly on the line 
of sight. Consequently, the alignment 
process consists of adjusting a target 
vertically until the aligner operator 
reads zero. In other words, the reading 
is by the null method. Figuratively 
speaking, one might say that the target 
is hung on the optical axis of the align- 
er and the machine bed is then adjusted 
to contact the target support. 

For alignment in the vertical plane, 
the target is indexed 90 degrees. A sec- 
ond slide and indicator on the target 
mount is used to measure deviations of 
the target from the optical axis of the 
aligner. Only a simple adjustment in 
the instrument itself is required when 
changing from the horizontal to the 
vertical plane. 

Fig. 7 illustrates the basic optical 
principle of the aligner schematically. 
The objective lens looks at the target — 
here an illuminated vertical arrow — 
under two different conditions. In one 
case the lens has an unobstructed view 
and a beam of light from the target 
reaches the lens unhindered. This is 
represented by the lower beam in Fig. 7. 
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In the second case a beam of light 
from the target must first pass through 
an inverting prism before reaching the 
lens. Thus, the lens has two views of 
the target, one erect and one inverted. 

Both of these beams are directed by 
the objective lens to a common focal 
point, but before reaching this point 
they pass through a combining plate. 
This element has the function of com- 
bining both beams on the lens axis 
without allowing them to overlap, as 
they would without the combining plate 
in place. Therefore, after passing 
through the combining plate the two 
arrowheads would contact each other. 
The combining plate is made up of 
two separate pieces of glass which are 
cemented together. The junction of these 
two glass plates forms a physical di- 
viding surface between the two beams. 
An eyepiece view of this junction is a 
line dividing the field in the eyepiece in 
half and separating the two target im- 
ages. As the target is displaced from 
the axis of the objective lens, the 
images in the eyepiece will move in 
opposite directions, because the motion 
of one is inverted. The displacement of 
the target appears in the eyepiece as 
a lack of coincidence between the two 
images. The only way that coincidence 
can be achieved is to return the target 
to the axis of the objective lens and 
the aligner therefore employs the well- 
known null method for reading. 

It should be evident that as the tar- 
get is moved to successive positions 
along the surface on which it rests, the 








displacement of the surface from the 
optical axis of the objective lens can 
be measured by measuring the distance 
the target must be moved in order to 
obtain image coincidence. 
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In the schematic drawing the ° irge: 
has been represented as an ar , 
that its inversion could be readil\ ye, 
ognized. In use, however, only a straight 
slit an inch or so in length is needed 
When such a target is exactly on th 
optical axis the observer sees it 
bright line in the eyepiece field. Off ax 
this bright line is split at the dividi) 
line as one half moves up and the ot! 
down with the target’s displacen: 

As indicated earlier, this instrume 
was designed with planers in mind. |; 
can, undoubtedly, be applied to the so 
lution of other problems of alignment 
involving heavy machine tools and oth: 
massive equipment ranging from stea 
turbines to airplane jigs. Its versatilit 
stems from the fact that it establish 
a truly straight line of reference and 
permits an observer to measure an) 
deviation from this straight line. 

The third major classification of 0 
tical instruments, that of projection, ir 
troduces the only use of optics for gag 
ing mechanical components that has 
been employed to any extent in i 
dustrial inspection. However, the pra 
tically limitless applications of this too 
to inspection problems have not beer 
generally realized because projectors 
available to potential users have lacked 
the versatility of design necessary fo: 
wide application. 

All contour projectors, as such ir 
struments are usually called, work o1 
the same basic principle. The outline or 
contour of the object being inspected 
is illuminated with a light source caus 
ing the object to cast a shadow. This 
shadow is magnified by a lens and pri 
jected to a screen where its magnified 
form can be examined visually or r 
corded photographically The selectio: 
of a contour projector, therefore, r 
solves itself to that one which first 
is most accurate in its optical perforn 
ance, and second is most versatile 
adapt projection gaging to the widest 
variety of work. 

The four basic elements for contow 
projection are the light source, object, 
lens, and screen. Fig. 8 shows these 
basic elements combined into an ir 
dustrial projector. A condensing !ens 
directs the light in a parallel bea: 
and two mirrors are utilized to fold up 
the system and place the screen in 
convenient position for the operator. 

However, if this simple system 
supplemented with several unique el 
ments, the versatility of the instrument 
may be greatly increased. The first of 
these unique elements (Fig. 9) is a r 
lay lens system. Not until now has suc! 
a system been available in projectio! 
One of its contributions is to increas 
the clearance between the object « 
work piece and the first lens of the o} 
tical system to a full 8 inches. This 
clearance remains constant regardless 
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RELAY LENS SYSTEM 


of the magnification selected, and pro- 
vides plenty of room for large, awk- 
ward parts or for mounting efficient 
staging fixtures without interfering 
with operator freedom. The significance 
of this increased clearance can be bet- 
ter understood by pointing out that with 
the simple optical system used in (Fig. 
8) the greatest clearance available 
would have been about 2% inches at 
low magnifications. As the magnifica- 
tion was increased this clearance would 
have decreased accordingly, becoming 
approximately 4% inch at a magnifica- 
tion of 100 times. 

The convenience of the large clear- 
ances which are afforded by the relay 
system are shown in a gear and cam 
assembly (Fig. 10) set up for inspec- 
tion by contour projection. 

The relay lens system (Fig. 9) also 
fulfills a second important function. It 
transfers an image of the object at a 
magnification of 1:1 to the rear of the 
instrument where projection lenses of 
any desired magnification can be mount- 
ed inside a dust-tight cabinet. For the 
utmost in operator convenience the pro- 
jector can have a turret carrying five 
projection lenses from 10X to 62.5X, 
any of which can be indexed by a hand 
wheel at the front of the instrument 
(Fig. 10). An added innovation is that 
when the object is in focus for one 
magnification, it is also in focus when 
the turret is indexed to projection lens 
of other powers. 

A third function of the relay lens, 
(Fig. 9) together with the twin-mirrors 
at the rear of it and a third mirror, is 
to provide a right-reading, erect image 
on the screen. The twin mirrors help to 
further reduce the bulk of the instru- 
ment while redirecting the light beam 
upward through the projection lens. 
This beam is then reflected from the 
mirror at the top of the instrument to 
the projection screen. 

Immediately behind the ground glass 
screen is inserted a second special op- 
tical element — a fresnel lens. This ele- 
ment actually increases the screen 
brightness by a factor of at least ten 
times. In addition, it distributes the il- 
lumination evenly over the entire screen 
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area. The usual disturbing “hot spot” is 
completely eliminated. 
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for increasing screen 
brightness is that the shadow outline 
should contrast strongly with the il 
luminated portions of the screen, to as 
sist an operator in making quick, ac 
curate measurements or comparisons. 
Since the object is usually opaque, the 
only way contrast can be improved is 
to increase screen brightness. This is 
done with a fresnel lens by concentrat 
ing the cone of light coming from the 
projection lens into a cylindrical beam 
approximately the diameter of the 
screen and directed at the operator 
With stich a system the projector need 
not be located in a dark corner or be 
surrounded by hoods or curtains but 
may be placed in any desired location 
in the manufacturing line. 

Thus far projection has 
scribed in only one aspect, as the pro 
jection of the external contour o1 
shadow of an object. There is still an 
other kind of projection surface re 
flection — the type of projection em 
bodied in a simple mirror. Here the sur 
rounding light is reflected from one’s 
face into the mirror and returns to the 
eyes. 

There are many instances in 
sections of a work piece may be recessed 
or obstructed, or measurements of de 
tails on a surface must be made. Ex 
amples of such details are punches, type 
face, all kinds of blind holes or cay 
ities, and embossings. In such cases the 
surface can itself be projected as a 
bright image in contrast with the usual 
shadow image. 

Here again, the use of a relay lens 
system affords a unique opportunity fo 
obtaining maximum illumination of a 
surface under study. By inserting an 
elliptical mirror in the relay lens sys 
tem (Fig. 11) light from a 1000 watt 
lamp is directed through the front re 
lay lens on to the object. The object 
reflects this light back into the lens but 
since the reflected image converges, a 
hole is provided in the mirror through 
which the light forming this image 
passes. This image is then directed by 
the regular optical system on to the 
screen. The brilliance at the screen is 
determined both by the amount of light 
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focused on the object and by the re- 
flectance of the object. 

By using an intense 1000 watt source 
it is possible to actually project black 
Bakelite molded parts — about as dif- 
ficult an object as can be imagined. 

Still another interesting attachment 
for projection permits inspecting thin 
or flat parts by simply placing them 
on a glass stage which is raised or low- 
ered until the part is in focus. For this 
a lamphouse containing a light source 
and a condensing lens may be attached 
to the top of the projector housing, as in 
Fig. 12. The stage, with a glass insert 
in the top, is mounted on the work table 
over a 45 degree mirror supported by 
a bracket attached to the front of the 
instrument. When a part is placed on 
the stage the beam from the lamphouse 
projects its shadow through the glass 
stage and on to the mirror, which re- 
directs the light to the front relay lens. 

This attachment is equally adaptable 
to surface illumination. In this case the 
beam coming from the first relay lens 
strikes the 45 degree mirror and is 
turned upward, strikes the object, and 
is refiected back on itself exactly as 
with horizontal projection. Likewise, 
both the vertical light source and the 
surface reflection illumination may be 
used simultaneously if the contour and 
the surface of an object are to be viewed 
at the same time. 

Thus, it is possible to design a con- 
tour projector (Fig. 13) which with 
simple and inexpensive attachments can 
be converted into a dual-purpose in- 
spection instrument. The advantages of 


both horizontal and vertical projection 
—either of contour or surfaces — are 
available without the necessity of pro- 
viding two specialized projectors. 
Here again the versatility of the sci- 
ence of optics is in evidence, incorporat- 
ing in a single system elements which 
do not one, or two, or perhaps a half- 
dozen jobs, but numerous tasks of 
varying complexity. As in the case of 
autocollimation and of alignment, light 
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FIGURE 12 


has been harnessed as a tool, easily used 
and offering all the inherent advantage; 
of a precise, pressureless, and predict 
able gaging element. 


Process Control By Graphic Panel" 


HE instrumentation of oil refiner- 
ies has passed through three dis- 
tinct stages and now appears to 

be approaching a fourth stage. 

The early refining units were batch 
shell stills in which the crude oil was 
heated to a temperature high enough to 
boil out the gasoline and kerosene frac- 
tion. These products were sold by their 
specific gravities and therefore the op- 
eration of the unit was monitored by 
the operator taking a sample and check- 
ing it with a hydrometer to determine 
the cut point of a given fraction. 

As competition became keener and 
the capacity of the units became larger 
the shell stills were replaced by con- 
tinuous columns and the specifie gravity 
alone was no longer an adequate means 
of specifying a product. Boiling ranges, 
initial and end point, became the pri- 
mary means of specifying a product. 
Temperatures and pressures replaced 
the hydrometer as the primary means of 
control. 

The instrumentation of the units at 
the end of this first stage of develop- 
ment consisted of thermometers and 
pressure gauges. 

As management became more cost- 
conscious about the operation of the 
plant, recorders were added to the unit 
and finally, controllers were developed 
and installed which gave closer control 
of the operation of the unit than was 
obtained by manual operation. These in- 
struments of this second stage of de- 
*Presented at the Fourth Annual Conference 
of the Instrument Society of America, Sept. 
12-16, 1949, St. Louis, Mo. 

tUniversa! Oil Products Company, Chicago, Il. 
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velopment were locally mounted, as 
were those of the first stage. 

In the meantime there were process 
changes that required higher tempera- 
tures and pressures. Closer control of 
these temperatures and pressures was 
required because in many cases the 
yields were directly related to these 
variables. It became more and more 
desirable to locate the records centrally 
in order to give the operators a clearer 
picture of the condition of the unit at 
any given time. 


The control panel of this third stag: 
started out in one corner of the pum 
room and as the units became more 
complicated and the instruments and 
controls became more numerous, the 
board expanded until it required 
building all to itself. 

It was during this stage of develop 
ment that we entered into the tremend 
ous war construction program of 10 
octane gasoline and synthetic rubbe: 
plants. These plants were much mor 
complicated than the usual plant up t 


Fig. 1. Old Style Panel. 
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this time, with the result that the con- 
trol rooms were very impressive indeed. 
Control panels of 100 and 150 feet were 
not uncommon. The long rows of instru- 


Fments, all looking very similar in ap- 


rance, were confusing to new oper- 
ators even though they carried name 
plates on their cases. Probably more 
than one plant superintendent consid- 
ered putting roller skates on his con- 
trol room men. 

Another problem that developed with 
this type of centralized control room, 
and that caused concern on the part of 
instrument engineers, was the 


introduced into the control system. The 
plants had not only grown more com- 
plicated, but had grown physically in 


| the area covered. This growth meant 
» longer transmission lines and as a re- 
) sult, a certain amount of lag was in- 


troduced into the control system. This 
lag was not too serious in temperature, 
gas, pressure, or some level control 
problems, but was found to give trouble 
on liquid flow control problems, espe- 
cially where the mercurvless type of 
flow transmitters was used. 

These drawbacks to the centralized 
control room coupled with the inherent 
operational advantages of having all 
of the information centralized in one 
room, have caused a new type of con- 
trol system to be considered which may 
well be the fourth stage in the develop- 
ment. 

For a discussion of this type of con- 
trol room it would be well to take as an 
example the Rock Island Refining Com- 
pany at Indianapolis, which is the first 
refinery using this system, to see what 
the problems were that caused the 
change to it. 

This refinery operated a combined 
crude and thermal cracking unit and 
had a gas concentration and poly unit 
connected with it. The new construc- 
tion program called for the revamp of 
the thermal cracking unit, a feed prep- 
aration section, the addition of a fluid 
catalytic cracking unit and facilities 
for the production of liquified petrol- 
eum gas. 

It was desired to use the existing 
control room for the new facilities, even 
‘hough they would be about 300 feet 
‘way, in order to centralize the opera- 
tion of the whole refinery. This, cou- 
led with the fact that mercuryless 
low transmitters were to be used on 
he new unit, called for the considera- 










2. New Graphic Panel containing about 75 Controllers and 30 Indicators in the same 


tion of pneumatic set locally mounted 
controllers. 

A check of the number of instruments 
required for the new facilities showed 
that the space available in the existing 
control room was not sufficient to hold a 
conventional type of instrument panel 
even though the whole north side of 
the control room were used. The exist- 
ing panel covered the south wall and 
most of the north wall was used for 
light, ventilation, and a door. 

All of these considerations seemed to 
point to the use of a new type of con- 
trol system, in which the controllers 
would be locally mounted and would re- 
quire a minimum of board space. The 
graphic panel type of system seemed 
to hold promise with its smaller type of 
instruments and the pneumatic set con- 
trollers where required. 

A rough design of a graphic panel 
was made and shown to the owner of 
the refinery. He agreed to try it out on 
his new unit because he felt it would 
have a distinct advantage for him. This 
would be in the ease of training the 
operators on the handling of the new 
unit, the flow sheet would be in 


as 


front of them at all times. The owner, 
an engineer experienced in refinery de 
sign, seemed to like the idea quite well; 
he called again the next week and 
asked that the instrumentation of this 
existing plant be converted to the new 
system. This meant buying all new in 
struments. 

He felt that this would be a wise in 
vestment because he found that it took 
him years to train an operator in his 
refinery and he felt that having the in 
struments incorporated in a flow sheet 
of the plant in front of the operator 
would speed up his training progran 
and lessen the possibilities of having 
the unit upset. He also wanted to use 
only his existing panel space and not 
lose any light or ventilation from the 
north wall. 

This was like changing the rules i 
the middle of the game, but a roug! 
layout of the panel showed that it 
could be made to fit into the available 
space. Thus, it was decided to go ahead 
with the graphic panel board contain 
ing the whole refinery on one panel 
board 25 feet long. Then began the 
problem of working out the details. 


CONTROLLER LOCATION 

One of the first points to be decided 
in the design of the panel was where to 
mount the controllers, since the field 
mounted controllers required four run 
of tubing as against two runs for the 
board-mounted controllers. The 300 
foot transmission distance is the bulk of 
the lag in the flow control system be 
cause mercuryless flow transmitte 
were being used. Tests were carried out 
using two different force-balanced flow 
transmitters, two different controllers, 
and two different valves and positioners 
These were used to control a small flow 
of water from a plant water line. Va 
ious lengths of tubing were used in the 
transmission and controller lines to 
give the effect of moving the controller 
to the control board. 

With the installation a 
tionship was found to exist between 
the throttling range required for sta 
bility and the distance from the con 
troller to the process. The throttling 


direct rela 





Fig. 3. Full view of 
Crude Unit, Catalytic 


anel showing flow plan arrangement. Units shown are ieft to right 
racking Unit, Fractionation Unit, Gas Concentration Unit, Catalyti« 
Polymerization Unit, and Liquified Petroleum Gas Unit. 
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portional speed floating contr 
not used is that they are too b 
expensive. A market appear 
small, simple, pre-engineered 
tional speed floating controller 
ably one that could be mounted 
the control valve. Flow contr 
count for 50 percent of the « 
used in refineries and this sh 
vide an interesting market 
manufacturer. 
RECORDS 

In designing this panel, a « 
able amount of thought was ¢ 
the question of which points to 
When the owner of the plant v 
sulted, he indicated that he y not ia 
interested in permanent records . 
the controllers, because these d ' e 
recorded on the operator’s log al I ” 
every hour or two and the reco to Mr. 
not consulted very often after th: Refinu 
been removed from the instrum: nse th 
cept for accounting purposes dt to L. 
show temperature trends. Produ 

Five pneumatic recorders were » ping t 
vided, each of which contained 
pens, giving twenty recorder poi 
all for the seventy-six controlle: 
approximately thirty indicators 
were used on this plant. These r 
ers are all 3- to 15-pound receive 
are provided with snap couplin; 
that they can be plugged into 
the controllers or indicators 01 
board that the operator desires to icarry 
cord. The temperature transmitt Ban In 
used on this panel were of the recording JRUauot 
type, so that they gave continuou i The 
records of the temperature trend 
all times. 


Feomes ¢ 


Fig. 4. Recorder Panel for the Indicating Controller on the Graphic Panel. PANEL LAYOUT 


range varied from 75 percent at 10 feet In laying out the fow pian o1 
to 500 percent at 300 feet transmission 
distance. The reset rate setting was .2 
minute at 10 feet which was the fastest 
reset rate obtainable at this time on 
conventional controllers. When the 
transmission distance reached 300 feet 
the reset rate was .5 minute. All of 
these figures are interesting but the 
main factor is the actual performance 
of the controllers at 10 feet transmis- 
sion distance and at 300 feet trans- 
mission distance. For a given upset, the 
area under the recovery curve of the 
controller at 300 feet was a matter of 
a hundred times greater than the area 
under the recovery curve of the con- 
troller at 10 feet. 


The throttling range of the control- 
ler located at the 300-foot distance 
could be reduced to any desired value 
by restricting the flow into the re- 
ceiver element by means of a dampen- 
ing device, but only at the sacrifice of 
reset rates and accuracy of measure- 
ment. The net control was not found to 
be materially improved by the addition 
of the restriction to the board-mounted 
controller, even though a better appar- 
ent flow record might be obtained. 


It is rather interesting to observe that 
none of the conventional pneumatically 
operated controllers that are in use to- 
day in oil refineries are realiy of a 
completely satisfactory design for the 
control of flow, in that they are pro- 
portional band controllers instead of 
pure proportional speed floating action. 
The reset rates that are available on 
the conventional controllers are about 
ten times slower than can be used with 
locally mounted controllers and mer- 
euryless flow transmitters. Probably 
the main reason that the available pro- Fig. 5. Rear view of the Graphic Panel. 
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ery effort was made to keep it 
as possible. Only major pieces 
f equipment and process flow lines are 
hown, such as towers, reactors, and 
eaters. Heat exchangers and pumps 
re not shown on the panel, because 

was felt that they would result in 
nnecessary complications in the design 
¢ the panel. It was not intended to 
ake the panel a detailed flow sheet of 
he plant. The purpose is to give the 
erator a quick generalized view of 
his process SO that he can more readily 
risualize the part each controller plays 
n the process, without carrying the 
etails to such an extent that it be- 
romes a toy. 


anel € 
s simpie 





ACKNOWLEDGMENT 
' | wish to express my appreciation 
¥> Mr. L. E. Winkler of the Rock Island 
Refining Company for allowing us to 
se the data obtained in his plant and 
o L. E. Stewart of Universal Oil 
Products Company for his help in run- 
ing the flow tests. 








Fig. 6. Rear view of new Graphic Panel showing tubing connections on top of panel. Large 


black instruments at bottom are 
middle of panel are the level indicators. 


temperature transmitters 
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Instrument Shop Tools” 

















line the quantity and variety of 
D tools necessary to successfully 
iearry on the mechanical maintenance of 
fan Instrument Department in any con- 
tinuous process industry. 

) The quantity and variety of tools in 
ithe ideally equipped instrument shop 
Ivaries somewhat with the size of the 
‘plant and the type of equipment the 
Nshop is called upon to service. However, 
Sfor our discussion, we will assume a 
‘shop that is to service the average oil 
“refinery of 100,000 bbls./day capacity. 
An oil refinery of this size may 
have an Instrument Department Per- 
Hsonnel of approximately 60 men active- 
Sly engaged in servicing instrument 
equipment. Although some refineries of 
this size divide their plant into areas 
i with a separate shop to service each 
= area, we will assume that this is a com- 
pact refinery being serviced from one 
| central instrument shop. 
| 
: 


Tim object of this paper is to out- 


We will, therefore, assume that our 
instrument shop is of sufficient physical 
dimensions that our force of 60 instru- 
ment men can work from this shop and 
all tools subsequently enumerated and 
described are for a shop of these di- 

} mensions. 
In discussing shop tools of any kind 


§ we are apt to think primarily of power 


tools. However, in any instrument shop 
there are quite a number of hand tools 


® necessary, some of them of a very spe- 


cial nature. Investigation has brought 
out the fact that the cost of these hand 
tools exceeds, or at least equals, the 
cost of the power tools. In view of the 
any and cost of these hand tools, I 
eel that it is important to discuss them 
at some length. 

One of the most common of hand 
tools found in any shop is the vise. In 
my opinion the following different types 
and sizes are needed: ; 

2—6” machinists vises for heavy duty 
valve and meter work. 

0—2%” machinists vises, or one for 
every two instrument men, prefer- 


*Presented at the Fourth Annual Conference 
f the Instrument Society of America, Septem- 
er 12-16, 1949, St. Louis, Mo. 

‘Sun Oil Company, Marcus Hook, Pa. 





By FRANCIS 8S. BECKER+ 
ably mounted in the middle of the 
bench space alloted to two instru- 
ment men. 


6—Portable pipe vises, or one for 
every ten instrument men. 

2—Drill press vises and at least 2 
jewelers vises for small delicate 
work. 


Taps and dies are another common 
but very important hand tool in any 
shop. It has been my experience that 
the minimum quantity and variety need- 
ed are as follows: 
6—Complete sets of pipe dies and taps 

from %” up to 1”, or one set for 
every 10 instrument men. 
4—Complete sets of bolt and machine 
screw taps and dies up to %” in 
both standard and S.A.E. threads. 

In addition to these are numerous 
miscellaneous hand tools as follows: 
6—Sets of copper tubing flaring tools. 
6—Sets of copper tubing bending tools. 





2—Sets of pipe bending tools up to 1” 
pipe. 

6—Sets of hole punches. 

6—Sets of gasket cutters. 





3—Pairs of straight and curved cut- 
ting tin shears. 
3—Blow torches (gasoline). 
6—Electric soldering irons in various 
sizes. 
6—Rawhide mallets. 
3—Sets of depth gauges. 
2—Sets of inside and outside microm- 
eters. 
3—Acetylene welding outfits. 
3—Sets of number and letter stamps. 
3—Complete sets of socket wrenches. 
3—Complete sets of open end 
wrenches. 
1—8 ft. stepladder. 
1—4 ft. stepladder. 
2—30 ft. extension ladders. 
6—Various weight sledge hammers. 
6—Wire brushes. 
6—Complete sets of packing tools. 
12—Large Stillson wrenches from 24” 
to 48”. 
6—Pairs of wedges for driving flanges 
apart. 
There are also many special hand 
tools necessary in any instrument shop. 
Every shep should be equipped with 
at least 3 sets of so-called non-sparking 
tools for hazardous locations. These sets 








should include open end wrenches, ham 
mers, Stillson wrenches, screw-drivers 
and wedges, 

3 or 4 special wrenches for removing 
valve seats. 

Z or 3 special tools for removing 
gauge pointers. 

Special wrenches for removing parts 
of meters. 

At first glance the quantity of some 
of these hand tools may seem excessive, 
but one big plant general shutdown, 
when all of these tools might be in 
service will more than pay for the cost 
of duplicate tools in maintenance time 
saved. 

Each shop should also have one elec 
tric welding outfit, one small metal 
break for bending sheet metal to fab 
ricate special instruments, 2—'%4 ton 
chain hoists and 4 small rubber tired 
carts for hauling valves and meters 
from location to the shop for repairs. 

In addition to the hand tools listed 
above. It is my belief that every shop 
should be equipped with the following 
power tools: 


1—Pedestal drill press up to '%” ca 
pacity for general use. 
1—Bench drill press up to 4” capac 


ity for light precision work. 

I—Jig saw. 

1—6” bench grinder. 

1—6” buffing wheel equipped with wire 
and cloth wheels. 

1—Toolmakers lathe or equivalent. 
This item is probably the most ex- 
pensive single piece of equipment 
in an instrument shop and careful 
study should be made of the re- 
quirements of any particular shop 
before deciding on the type of iathe 
to be purchased. A good lathe of 
this type will cost anywhere from 
$1,000.00 to $5,000.00. There are 
small lathes on the market of the 
type built for the home work shop 
which cost from $100.00 to $300.00, 
but unless it is a very small shop 
and price is of the utmost impor- 
tance they are not recommended 
for instrument shop use. Whether 
you spend $1,000.00 or $5,000.00 for 
your lathe depends on the size of 
the shop and the quantity of work 
expected to be produced on it to 
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justify the amount of money you 
have invested in it. For the aver- 
age shop the expenditure of up to 
$2,000.00 for a lathe is well justi- 
fied. In our opinion a lathe is a very 
important instrument shop tool and 
in a years time will more than pay 
for its original cost. It has been 
our experience that the mainte- 
nance machine shops in most in- 
dustries have only one lathe of this 
type and it is usually in operation 
24 hours a day taking care of gen- 
eral plant maintenance so that it is 
practically impossible to get any 
instrument department work done 
on it. Another advantage in having 
a lathe in an instrument shop is 
that the operator either is an in- 
strument mechanic or is familiar 
with instrument work and emerg- 
ency lathe work can be greatly ex- 
pedited by not having to make de- 
oe drawings of the work to be 
aone., 


An electric lathe grinder should be 
included in the lathe accessories. This 
tool is very essential in producing high- 
ly polished surfaces and also in work- 
ing with Stellite and other materials 
which are too hard to machine with a 
tool. 

Three or four sets of drills should be 
stocked, both for the lathe and for drill 
press work. These should be in the num- 
ber sizes from #1 to #60 and in the 
fractional inch sizes from 1/16” to %” 

In addition to the larger power tools 
we have already discussed, each shop 
should be equipped with the following 
portable power tools: 

2—%” pistol grip portable electric 


drills. 


2—'” portable electric drills. 

1—%” pistol grip portable pneumatic 
drill for use in hazardous areas 
where electrically operated equip- 
ment would be prohibited. 

1—%” portable pneumatic drill for the 
same purpose. 

2—Pneumatic impact guns for tight- 
ening and loosening orifice flange 
and valve flange bolts. 

2—Paint spray guns. 

1—Power hack saw. 

i—Hand operated hydraulic pump for 
hydrostatic tests. 


If uny of you might be interested the 
cost of tooling a shop of this size in the 
manner we have discussed would be 
about $2,550.00 for hand tools and $2,- 
665.00 for power tools, or a total of 
$5,215.00. 


This figure is based on spending 
about $1,600.00 for a lathe, however if 
the quantity and quality of work to be 


handled by the shop warranted a 
$5,000.00 lathe the total cost of tooling 
might be increased to as much as 


$10,000.00 on the assumption that all 
power and hand tools would also be of 
higher quality and price. 


In conclusion I would like to point out 
that the sum of $5,215.00 or even 
$10,000.00 is a very small amount to 
properly tool an instrument shop of 
this size when one considers the fact 
that this shop will be servicing in- 
strument equipment worth about one 
million dollars. This money spent in 
tools is well justified when one also con- 
siders the time saved in man hours and 
the better morale of the men in the in- 
strument department when they have 
the proper tools to work with. 


We Want Blood 


The following editorial by W. G. Mo- 
line, Editor of The Detroit Recorder 
appeared in the September issue of that 
periodical. 

In May 1947 there appeared in this 
organ a provocative article under the 
title “Let George Do It’* The article 
was well worded and timely, in fact 
it provoked the writer into getting off 


the cushion and giving “George” a 
hand. 

But now that we are approaching 
the 1950 season it is apparent that 


many of our members are content with 
“letting George do it,” or perhaps just 
content. Let’s pause for a moment and 
consider our new Council—same old 
faces, same old crew shuffled around a 
bit. Some are missing because they 
have gone on to better things, others 
grew weary of the grind and discon- 
tinued all effort. 

It is this same condition that has 
wrecked empires and civilizations. In 
fact seventeen long years of the same 
old crew has come close to wrecking 
our once proud and free country. 


WE WANT BLOOD—new blood 
that We need about twenty donors 
to give us a transfusion. Unless this 
transfusion is soon forthcoming, the 
Detroit Section will cease to exist from 
that same disease that has been respon- 
sible for the end of many people— 
Senile Decay. 


WE WANT, NEED and MUST 
HAVE your ideas and opinions on the 


1s. 


*Reprinted herewith 
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conduct of this Section. If you like it, 
tell us!! If it smells, tell us. But for 
crying out loud Man Those Pumps, 
WE WANT BLOOD. 

(Signed) Wallace G. Moline 
“LET GEORGE DO IT” 
become a popular custom to ‘“‘let 
George do it,” in all sorts of ways. Yet satis- 
faction and fun go with active participation. 
The passive spectator lives a vicarious existance, 
with littl or none of the rewards of personal 
activity. The participator is interested and alive, 


It has 


the spectator is perpetually bored and dissatis 
fied 
In our country, only a small percentage eligi 


ble to vote exercise their privilege. Yet one hears 


abundant criticism abut “the Government” as 
if it were some disembodied creature. Now I 
live in a small town fully equipped with town 
meetings, board meetings and caucuses. Being 
present at these meetings and participating in 
some of these small units of government, I have 
already begun to think in new ways. Where I 
said before “They are raising taxes’ I now 
say “We are raising taxes,” and I know why. 


The same thing is true in our “INSTRUMENT 
SOCIETY,” and in our SECTION. Problems that 


have come up have not always led to obvious 
answers, Yet the members participating in the 
discussions, of these problems, appreciate the 


compromises and understand the solutions, Every 
council meeting is open, every opinion is wel- 
come, and anybody CAN participate; yet, there 
is a sizeable group of members who are just 
neutral, and another group just against what- 
ever is done. 

The vast world problems ahead are far too 
complicated for us to solve, but they are not 
too big for us to share. We can join in all the 
activities that touch on our lives, not just on the 
side lines but right in the middle of the scrap. 
It may be smart to be detached and cynical, but 


it is also deeply FUTILE. A little good faith, and 
a lot of work, the familiar ratios of inspira 
tion and perspiration, have been the founda- 


tions for every worthwhile effort in the history 

of man 
For a 

watch, 


change, let us do it, and let George 


(signed) Victor G. Raviolo 
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. . ° asu 
The Section, in cooperation teristic’ 
Newark College of Enginee; pthatic ¢ 
. *haracte 
formulated four special cours: ae 4 
Field of Industrial Instrun ontrol 
. . rere 
which are now in progress at . comp 
lege. These tuition courses, e} yus two 
, : . ntals | 
the evening and lasting from i eekedt 
weeks are designed to attract inst, 6 weeks 
ment men from various levels 
cation and experience. The cou 
are: “Elements of Industrial [nst, 
mentation,” “Industrial Instri ment, 
tion Applications,” “Fundamen:als 
Industrial Automatic Control,” and . 
seminar, “Automatic Control Theo) 
and Analysis.” | 
A committee of college faculty ap | 
ISA members determine admission Let’ 
the seminar. ISA members are give, using 
preference to the limited enrollmen: Pro 
course, “Fundamentals of Industrig plant 
Automatic Control.” senior 
Course descriptions and prerequisites B only : 
to admission are as follows: (You 
ELEMENTS OF INDUSTRIA yours 
INSTRUMENTATION ’ So 
This is a basic course at an eleme: he 
covering the measurement of temperat your 
sure, flow, and level. The course w in a 
some elementary principles of phys . 
which the measurements are based, and t easy 
types of equipment used in industry had | 
mately sixty percent of the time will | 
to lecture-discussion and forty percent t« and, 
stration get a 
Course Content: Introduction—an « Yo 
discussion of energy, temperature scal " 
sure-volume temperature’ relationships anc 
physical properties of gases, liquids and mone 
Temperature Measurement—the measur At 
temperature by means of mercury in Ea 
vapor tension thermometers, bimetalli: tl think 
thermoelectric and resistance thermomet Ye 
be included. Pressure Measurements—a 
and differential pressure measurements you 
types of low, medium and high pressurs swel 
ments Flow Measurements—differentia swe 
volumetric types of flow meters. Liquid ; now, 
Measurement—direct and _ indirect N 
visual, float, electrical contact, press ¢ , 
photoelectric applications. a 
Prerequisites: High school diploma ans\ 
permission of the department. Oh 
. ’ 
Schedule: 214 hours per evening, Wednes ; T 
evening each week for 18 weeks—4 
commencing Oct. 12, 1949. | aga) 
' y 
INDUSTRIAL INSTRUMENTATIO 5 you 
APPLICATIONS 5 off 
Course Content: Each of the four cla » Wh 
tions—Flow, Temperature, Pressure, Lev« A 
be presented by an instructor with an ind als. 
background. For each classification the mat: jo 
presented will cover: available types of m: are 
ing elements and methods, their limitations Y 
factors which determine selection for specif ol 
cases in various fields of application, TI it ¢ 
struction will include the illustration of Meh. 
problems by working out specific examples in 
Actual cases suggested by the students car I 
included. In addition, problems specific to heg 
class will be covered, a few examples of w! 
are listed below did 
FLOW: Flow computations for orifice, nozz for 
Venturi and pitot tube; main line and co ser 
tion piping application considerations; access 
ies such as seals, condensers, purge systems a) 
TEMPERATURE: Installation design of an 
mary element, including wells, immersion its 
bient temperature effects. 
PRESSURE: Pulsating pressures; com} on 


tion for static heads and for atmospheric 


sure. is 
LEVEL: Atmospheric and pressure i: ) 
tions; dual gravity services. m 


Prerequisites: High school diploma, suc: 
completion of first-year college mathematics 


two years practical experience in the 
mentals of industrial measurements. 
Schedule: 2 hours per evening, Monday; 


Wednesday evenings each week for 15 wee 
60 hours, commencing Oct. 10, 1949 
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FUNDAMENTALS OF INDUSTRIAL 
AUTOMATIC CONTROL 

Course Content: This course is designed for 

pnicians, foremen, supervisors and Instrument 

; The course will include control theory, 






re 
ae a! d mechanisms of automatic control, ap 
lieations ef automatic control in industrial 
rocesses- 8 well as the following topics: 
easuring Means of Industrial Control, Char 
cteristics of Measuring Means, Modes of Au 


iatic Control, Final Control Elements, Process 
haracteristics, Theory of Automatic Control, 
nality of Automatic Control and Application 
iontrol Engineering. 
Prerequisites : High School diploma, success- 
ul completion of first-year eollege mathematics, 
jus two years practical experience in the funda 
nentals of industrial measurements. 

Schedule: 2 hours Friday evening each week for 
& weeks——82 hours, commencing Oct. 14, 1949. 


Out Of 


Let’s assume you are out of 


OU are thinking that this as- 
sumption is pretty ridiculous— 
but wait! Is it so foolish? 


Let’s set up a hypothetical case, 
using you as an example: 
Production has fallen off in your 


plant and, because you haven’t enough 
seniority, or other reasons with which 
only you are familiar, you are laid-off. 
(You say it can’t happen? Don’t kid 
yourself!) 

So, now you are out of a job. But 
you’re not worried, you'll get another 
in a hurry. You might as well take it 
easy for a couple of days—you haven’t 
had a real vacation for a long time 
and, starting on a new job, you won’t 
get any time off for a while. 

You relax, take it easy, knock about 
and go fishing or hunting, and spend 
money like you really had it. 

About a week of that and you start 
thinking about looking for work. 

You make a few ’phone calls to guys 
you know in the business and their an- 
swers are: “things are kinda slow here 
now, call later.” 

Now you begin to wonder a little bit. 

You called on four places today. The 
answer; “We’re not hiring now.” .. . 
Oh, well, tomorrow you'll connect! 

Tomorrow comes and out you go 
again. Now it develops that before 
you can be put on, men who were laid 
off have to be recalled first... . Hey! 
What is this? 

A couple of weeks have gone by—no 
job—no prospects for a job—your feet 
are tired—your money is getting low. 
You’re disgusted and discouraged. If 
it gets much worse you’ll have to move 
in with your in-laws. Oh no, not that! 

Finally, a bright light flashes in your 
head. The Instrument Society! Why 
didn’t you think of good old ISA be- 
fore? They conduct an employment 
service for members only. You’ve been 
a member and you’ve never asked for 
anything. You'll give it a try. Anyway, 
its your last chance—they are the only 
ones to turn to now. 

You contact the Chairman of your 
[SA Local Section Employment Com- 
mittee. He tells you things have been 
so quiet with his committee for years, 
that his files are completely inactive. 
He’s had no request for help from 
members, and no employers contacting 
him for qualified technicians. 





SEMINAR ON AUTOMATIC CONTROL 
THEORY AND ANALYSIS 

Course Content: This is an advanced course 
on automatic control theory and analysis which 
will be run on a seminar basis. The first three 
sessions will be devoted to a mathematics re 
view up to differential equations. Such profes 
sional society papers as those of Zeigler-Nichols 
on optimum, controller adjustments and process 
reaction curves will form the subject matter for 
round table discussions. The advanced portions 
of Eckman’s text will also be studied. Each stu 
dent will have the opportunity of guiding one 
of the sessions, 

Prerequisites : 
ate with responsible charge in 
strumentation, 

Schedule: 2 hours per evening 
ning each week for 18 weeks—36 
mencing Oct. 10, 1949 


A Job? 


a job. What will you do? 


gradu 
field of in 


Engineering or S« 
the 


lence 


Monday 


hours 


eve 
com 


You are really over a barrel now. 
No one to turn to. Nothing but 
unemployment compensation! 


After having read this far, you are 
probably saying, “So what?” 

Well, here is our problem: 

The story we have just told you can 
happen, you know. And, before any 
such situation should develop, we want 
to be fully prepared to help you in a 
manner that, with a minimum effort on 
our part, permits us to be of maximum 
assistance to you. 

Up to now the Employment Commit- 
tees haven’t had to be very active, ow- 
ing, in the past, to a shortage of trained 
and experienced instrument techni- 
cians, engineers and sales representa- 
tives. The Help Wanted files are pretty 
thin, if not nonexistent. And the Jobs 
Available files are now being depleted 
by men who have needed help. 

In recent months it has become ap- 
parent that more and more men are in 
need of help. This is evidenced by the 
increased number of applications re- 
ceived for jobs listed in the Journal of 
ISA in Instruments. 

Because the employment situation 
throughout the country is now notice- 
ably more critical, some constructive 
planning must be done in order to al- 
leviate a condition which we all hope 
will never come to pass. 

Our first step is one designed t» 
piace in the hands of the ISA National 
Office a list of all companies employ- 
ing instrument men (technicians, engi- 
neers and sales representatives) and the 
name of the person responsible for hir- 
ing such personnel. 

* * * 

Here is where YOU come in! This 
is a job we can’t do alone. 

Will each of you who reads this, 
communicate (by letter or telephone) 
with your local section Employment 
Committee Chairman, or the Nationa] 
Employment Committee Chairman in 
Pittsburgh, and relay to him (1) the 
names of companies using and employ- 
ing men with instrument knowledge 
and (2) the names of the persons who 
do the hiring? 

Here is how we can use this infor- 
mation when we get requests for em- 
ployment help: 


The employer will by the Em- 


be contacted 


ployment Committee Chairman, either by letter 


or by telephone, giving the background and 
experience of the member desiring help. 
If the employer is interested the member 


is notified by the Employment Committee Chair- 
man. The ISA then out of the 
leaving the employer member 
to terms. 

If this first contact isn't mutually satisfactory 
the then its 
search to and 


for 


steps picture 


and the to come 


Committee continues 
the 


one else to the first employer 


Employment 


place member, refers some- 


consideration 

In this manner the employer’s name 
is not publicized and he is not deluged 
with interviews. 

All Chairmen of Employment 
mittees must be discreet in the handling 
of employer contacts. 

At no time should 
ployers published 
casual inspection. 

Members desiring job placement help 


Com- 


list of 
open 


the 


or be 


em- 


be for 


from ISA will contact their local Em- 
ployment Committee Chairman. The 
Chairman alone should shoulder the 


burden of responsibility involved in 
contacting the prospective employer and 
placing before him the qualifications 


of the member being helped. 


Make no mistake—ANY INDIS- 
CRIMINATE USE OF THIS LIST 
WILL DESTROY THE VERY THING 
WE ARE ATTEMPTING TO DO 
to help ISA members when and if they 
need job placement assistance. 

A vaiue of this list which we can’t 
overlook, is the fact that we will have 
a rather complete over-all picture of 
the nation-wide employment situation. 

Too, having a national-scope listing 
of companies employing men with a 
knowledge of instrumentation will per- 
mit a far greater field of operation in 
helping a man, should the local areas 
have nothing to offer. 

A closer integration and 
tion between Section Employment Com- 


coopera- 


mittee Chairmen is now, more than 

ever, necessary to a complete fulfill- 

ment of our proposed program. 
Remember, each of you who reads 


this may one day be in need of a job 
ar-l who better to turn to than your 
Society? 


It would be well to point out at this time that 


employers, too, can profit by submitting their 
names for listing. In this way, the employer can 
be made aware of the availability of a well 


qualified man. 

If the employer lists the particular 
tions necessary for 
he that 
to him of persons of other 


qualifica- 
his 
will be 


employment with firm 


can be sure ne reference made 


categories 

So, will each and every one of 
who reads this, please spread the word 
and place your faith and trust in the 
ISA Employment Committee. We prom- 
ise that, with your help, we will do our 
very best to offer the kind of 
ance you expect from us. 

Get behind ISA—send in the names 
of employing companies and employing 
supervisors. The ISA will get behind 
you. 

Remember the addresses: Your local 
section Employment Committee Chair- 


you 


assist- 


man; or Chairman, National Employ- 
ment Committee, 921 Ridge Ave., Pitts- 
burgh 12, Pa. 

Roy JOHNSON, Chairman 


Employment Committee, 
Chicago Section. 
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ALBUQUERQUE 
E. R. Deeter, Eng. Dept., University of Cali- 
fornia, Los Alamos Scientific Laboratory, 
P.O. Box 5800, Albuquerque, N. 
AKRON 
Fred Appel, 932 Columbia Ct., Barberton 
Ohio 
Fourth Tuesday, Meeting at 8:00 P. M 
ARUBA 
A. S. MacNutt, c/o Lago Oil & Transport Co 
Ltd.. Aruba, N.W.I 
First Tuesday, Meeting at 7:15 P. M 
ATLANTA 
H. Kockritz, Fischer & Porter Co., 84 Peach- 
tree St., Atlanta, Ga . 
Fourth Monday Meeting at 7:45 P. M 
BALTIMORE 
’. Donahue, Maryland Glass Corp., Mt. Win- 
ans, Baltimore Md 
Second Friday 
BATON ROUGE 
James H. Simpson ‘647 Gladiola Baton 
Rouge, La 
BOSTON 
C. J. Nazzaro, 456 Central Avenue, Milton 
87, Mass. 
Last Wedn sday, Dinner at 6:00 P.M., Meet- 
ing at 7:00 P.M 
CALIFORNIA 
D. D. Taylor, 234 E. Colorado, Pasadena 1 
Cali! 
First Tuesday, Dinner at 6:30 P.M 
CENTRAL ILLINOIS 
H. F. Lange, 2101 W. Glen Avenue, Peoria 
5, 
First Wednesday, Dinner at 6:30 P.M., Meet- 
ing at 7:30 P.M 
CENTRAL INDIANA 
H I Coffey, 110 G Nelson Ave., Tyndall 
Towne, Indianapolis, Ind. 
First Tuesday, Meeting at 7:30 P. M 


CHARLESTON 


Albert H. Hix, 1529 B Dixie St., Charleston 
1 W. Va. 

First Monday, Dinncr at 6:30 P.M., Meeting 
at 8:00 PLM 

December 5, Kanawha Hotel, Charleston 


Gadgets,” R. D. Webb, Carbide & Carbon 
Chemical Corp 

January 9%, “The Maintenance of pH Instru- 
ments,” E. A. Bryant, E. Dupont de 


Nemours 


CHICAGO 
Floyd E. Ertsman, Rm. 1420 Fisher Bidg., 343 
S. Dearborn St., Chicago, Ill 
First Monday, Dinner at 6:30 
at 8:00 P. M. 
December 6 (Tuesday). Peoples Gas Co. Audi- 


P.M., Meeting 


torium, “Inverse Derivative,"”” C. B. Moore, 
Moore Products Co. No Dinner. 

December 20 (Tuesday). Western Society of 
Engineers (84 E. Randolph St.,). “Flow 
Plan Symbols," Dave MHostedler, Foster 
Wheeler Co. 

CHINA LAKE 

A. G. DeBell, U. S. Naval Ordnance, Test 

Sta., China Lake, Calif. 
CINCINNATI 

Edward H. Muhleisen, 320 Durrell Ave., Cin- 
cinnati 15, Ohio 

Third Friday, Meeting at 8:00 P.M. 

CLEVELAND 

R. M. Woodside, Brown Instrument Div., 
Minneapolis-Honeywell Reg. Co., 5005 Eu- 
elid Ave., Cleveland 5, Ohio 

Fourth Wednesday, Dinner at 6:30 P.M., 


Meeting at 8:00 P 
COLUMBUS 


Orval Linebrink. c/o Battelle Memorial 
stitute, 505 King Ave., Columbus, Ohio 


CUMBERLAND 


In- 


Clyde Babst, P.O. Box 447, Cumberland, Md. 
Tuesday after Fourth Monday, Dinner at 
6:30 P.M., Meeting at 8:00 P.M. 
DETROIT 
Seymour Sterling, 13331 Linwood, Detroit, 
Mich. 
Third Tuesday. 


EASTERN NEW YORK 


J. M. Wilsey, c/o General Engineering & Con- 


sulting Lab., General Electric Company, 
Schenectady, £ 

First Tuesday, Dinner at 6:30 P.M., Meeting 
at 8:00 P.M. 
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Section Secretaries, Meeting Data and Programs 


GULF COAST 
A 


. E. Bunn. 2237 North St., Beaumont, Texas 
Third Tuesday 
HOUSTON 
FE. EF. Kleir, 2518 S. Bivd., Houston 6, Texas 
Last Monday, Meeting at 8:00 P. M 


KANSAS CITY 


Lewell F. Spies, c/o J. F. Pritchard & Co 
908 Grand Ave., Kansas C*ty. Mo 

Last Tuesday, Dinner at 6:30 P. M., Meeting 
at 7:30 P. M 


LOUISVILLE 


H. C. Schermus, 980 Palarka Rd., Louisville, 
Ky. 

Fourth Tue sday, Meeting at 8:00 P.M 

MONTREAL 

L. J. Mizuhara, Monsanto (Canada) Ltd., 425 
St. Patrick St., Ville LaSalle Quebec, 
Canada 

Last Monday, Meeting at 8:00 P.M 


NEW JERSEY 


Ww D. Archibald 605 Westminster A ve 
Elizabeth 3, N. J 
First Tuesday, Dinner at 6:00 P.M 
NEW ORLEANS 
W. H. Haney, 2927 Music Avenue, New Or- 
leans, La. 
No Regular Date, Mceting at 8:00 P.M 
NEW YORK 
Norman J. Cherry, Merrick, L. L, N. Y 


Last Monday, Dinner at 6:30 P.M., Meeting 
a’: 8:00 P.M. 

Special Program Series—-Pressure 
November 14——-Flow Measurement: 
12--Density Measurement; January 16 
Measurement. 


NIAGARA FRONTIER 
Mrs. James L. Martin, 697 
Buffalo 9, N. Y 
Fourth Monday, Dinner at 6:15 


Measurement ; 
December 


B.T.U 


Ave., 


Potomac 


P.M., Meeting 


at 8:00 P.M. 
NORTH TEXAS 
R. E. Byers, 6000 Lemmon Ave., Dallas 9, 
Texas 
NORTHERN CALIFORNIA 
M. A. Dimmick, 5607 Alta Punta, El Cerrito, 
Calif. 
NORTHERN INDIANA 
J. Baum Beekman, 547 N. Waller Ave., Chi- 


cago 44, Tl. 
Third Wednesday, Dinner at 6:30 P.M., Meet- 
M. 


ing at 7:30 P 
OAK RIDGE 
John H. Clark, 138 Clayton Hall, Oakridge, 
enn. 


First Wednesday, Dinner at 6:30 P.M., Meet- 
ing at 7.30 P. M 


ONTARIO 
John W. Huether, 311 
side, Ontario, Canada 


Southerland Dr., Lea- 


Third Thursday, Dinner at 6:45 P.M. 
PHILADELPHIA 
C. W. Wood, 6908 Market St., Upper Darby, 


Pa. 
Third Wednesday, Meeting at &:00 P.M. 
PITTSBURGH 


Miss Louise Suckfield, 
burgh 30, Pa. 
Fourth Monday, Dinner at 6:36 P.M., Meeting 


4 
P.O. Box 2038, Pitts- 


at 8:00 P.M 
December 19, “Magnetic Amplifiers,” F. N. 
McClure, Westinghouse Electric Corp. 


January 23, “Stump the Experts.”” A Main- 
tenance Clinic moderated by Charles B. 
Cochran, Peter Loftus Corp. 


PRESQUE ISLE 
Edwin P. Schuwerk, 445%, Halley St., L. P., 


Erie, Pa. 

Fourth Tuesday, Meeting at 8:00 P.M. 

November 22, “‘Fundamentals of Measure- 
ments,”’ E. J. Hatfield Jr., General Electric 
Co. 

January 24, Open forum on instrumentation 
problems. 


February 27, “Control Valves,” T. L. Smith, 
Belfield Valve Div., Minneapolis-Honeywell 
Regulator Co. 


RICHLAND 

R. S. Hammond, 
Washington 
Second Wednesday, 


ROCHESTER 
R. CC. Swartz, 
Rochester 4, N. Y. 
Fourth Tuesday, Meeting at 8:00 P.M. 


402 Abbott, 


7:30 P.M. 


Richland, 


Meeting at 


Jr., 1201 Granite Bidg., 
Y. 





ISA 
EMPLOYMENT SER 








Forward your letter to INSTR) ‘1 \; 
SOCIETY OF AMERICA, 92) } 
tve., Pittsburgh 12, Pa. 


INSTRUMENTATION ENGINEE! 
paper ficld, well established firm, a 
field needs services of graduate engi 
enced in pulp and paper instrumentati 
wi'l invol:e product development and 
neering. Compensation plan is attracti 
full recognition of individual effort 
Minneso.a. Box 253 

. . . 
MANUFACTURERS REPRESEN 
For engraved stem thermometers and 
glass thermostats. Must be experien 
miiar with the trade for the territ 
York, New Jersey, Maryland and Vi: 
254 
INSTRUMENT MECHANIC. Q 
maintain, repair and devise instrument 
chemical orgenization. Location: Tenn¢ 
255 
SALES ENGINEER. Experienced wit 
ing valves and instrumentation. Old est 
company now expanding its sales force 
opening for man capable of developing 
trict sales manager. Location: Southe 
Box 256 


SALES ENGINEER. Not over 40 year 
with some engineering training and expe 
industrial instrumentation applications 
edge of automatic control valves desirab': 
training period will sell to contractors, « 
and industrial plants. Commission wit 
drawing account. Employer estimates new 
could earn between $3000 and $4000 ps 
and continue upward as he becomes better 
fied. Location: Washington, D. C. Box 25 





ST. LOUIS 
W. G. Lee, 4710 Delor St., St. Louis 16, M 
First Wednesday, Meeting at 8:00 P.M 


December 7, “‘Precision Temperatures Me: 


ment & Control,” Geo. C. Graf, Leeds & 
Northrup 
SARNIA 
Fred T. Yarke, 140 St. Clair St., Point 
ward, Ontario, Canada 
Second Friday. 
SOUTH BEND 
Sam M. Rouse, 436 Moccasin Ave., Buchanar 
Mich. 
First Thursday, Dinner at 6:30 P.M., Meeting 
at 7:30 P.M. 
SOUTH MICHIGAN 
Homer Kuiper, 2517 Hillsdale, Kalama 
Mich. 
Second Wednesday, Dinner at 6:30 P.M 
Meeting at 8:00 M. 


SOUTH TEXAS 

H. C. Givens, fia Gloria Corp., P.O. 637, Far: 
furrias, Texas 

First Tuesday, Meeting at 


TENNESSEE 
N. M. Taylor, 16 Edgewood, Kingsport, Ten: 
No definite night, Dinner at 7:00 P.M., Meet 
ing at 8:00 P.M. 


TULSA 
C. R. Horton, 8211 E. 7th, Tulsa, 
First Monday, Meeting at 7:30 P.M. 


TWIN CITIES 
Alden Hine, c/o Giesika & Pinkney, 552 P 
mouth Ave., 6th & Hennepin Ave., Minne- 
apolis 8, Minn. 
Fourth Tuesday, Dinner at 6:30 P.M. 


7:30 P.M 


Okla! 


WASHINGTON 
Edwin G. Brown, c/o American Instrument 
Co., 8010-20 Georgia Ave., Silver Springs 


Md. 
Third Monday, Meeting at 7:30 P.M. 
WAYNE COUNTY 


Robert Karr, 2455 Biddle Ave., Wyandotte 
Michigan 

Third Monday, Dinner at 6:30 P.M., Meeting 
at 8:00 P.M. 
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ontinuous Electronic Water-content Measurements 
zn Onl-field Emulsions’ 


By P. O. ENGELDER, Oil Well Water Locating Co., Long Beach, Calif. 


T is indeed unfortunate that the 
| ecnesi of a petroleum accumulation 
|Z and its subsequent production are so 
Snextricably allied with the occurrence 

nd movement of subterranean waters, 
Mor, although water is practicably insol- 
ible in oil, it is well known that crude 
iil, as it is produced from wells, often 
icarries a high water content. This water 
lis, of course, emulsified, and is a source 
yf great technical difficulty. The mag- 
nitude of the problem is apparent when 
hit is realized that at least 30 percent of 
ithe crude produced in the United States 
Ncontains emulsified water in appreciable 
Hquantities. The marketability of the oil 
Nis lessened; production costs are in- 
Mcreased; and corrosion problems inten- 


‘sified by the occurrence of this water. 


) It is axiomatic that to control a con- 
Sdition one must first measure it; and it 





*Presented before the Southern California 
Meter Association, Los Angeles, Calif., Septem- 
ber 15, 1949. 








is intended to describe equipment de- 
signed to provide a continuous record 
of the water content of oil flowing, for 
example, in a shipping line. Present-day 
technique consists of the withdrawal of 
small samples (the frequency of phy 
sical sampling determined by the situa- 
tion) and obtaining the water content 
of the sample by centrifuging or dis- 
tillation. Not only is this practice sub- 
ject to human error—as one engineer 
puts it, “the accuracy of sampling is 
inversely proportional to the state of 
fatigue of the gauger’’—but it further 
suffers in validity as a result of the in- 
consistency of well production. The rec- 
ord of water content vs. time illustrated 
in Fig. 1 is more often the rule than the 
exception; the validity of any single 
sample throughout the 24-hour period 
depicted on this chart is questionable, to 
say the least! 

Obviously, some sort of CONTINUOUS 
record of the variation in water con- 





tent, or “cut,” as it is termed, is need 
ed; this type of record is provided by 
the equipment shown in Fig. 2. The 
physical basis of the measurement re 
sides in the determination of an elec 
trical characteristic of the 
known as the dielectric constant, which, 
owing to the abnormally high dielectric 
constant of water, is a very 
indicator of water content. 


emulsion 


sensitive 





Fig. 2 


An emulsion is a system consisting 
of two liquid phases, one of 
dispersed as globules within the othe 
The two liquids must be immiscible, or 
nearly so; e.g., the true solubility of 
water in oil is of the order of 0.05 per 
cent and the true solubility of oil in 
water is practically nil. The liquid 
broken up into globules is known as the 
dispersed, or internal, phase; while the 
component surrounding the globules is 
called the continuous, or external, 
phase. Two families of emulsions are 
theoretically possible, depending upon 
whether the water is dispersed in the 
oil, or vice-versa. The vast majority of 
oil-field emulsions are of the water-in 
oil type; the dispersion of the globules 
varies throughout a wide range. In 
some extremely “tight” emulsions the 
water globules are from one to five 
microns in diameter; coarse emulsions 
have been encountered in which the 
globule diameter ranged from 25 to 200 
microns. 1066) 


which is 


(Continued on page 
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In all emulsions with the exception 
of the very dilute oil-in-water type, the 
oil hydrosols, the presence of a third 
substance, the emulsifying agent, is 
necessary to add stability to the sys- 
tem. Asphaltic material, argiilaceous 
material in colloidal suspension with the 
oil, or both, serve as emulsifying agents 
in most oil-field emulsions. Agitation, 
or other physical disturbance resulting 
in dispersal of one phase within the 
other, in the presence of the emulsify- 
ing agent, promotes emulsion forma- 
tion. It has been quite definitely estab- 
lished that oil-field emulsions are 
formed in the production equipment of 
the well, although the possibility of 
emulsification occurring at emergence 
of production fluids from the sand into 
the well bore exists in some cases. 

Returning now to the electrical meas- 
urement of the water content of the 
two-phase system, one may define the 
dielectric constant as “a measure of the 
work required to orient the molecules, 
under the influence of an external! elec- 
tric field, against their random thermal 
agiation.* To aid in more complete un- 
derstanding of the source of the ano- 
malously high value for the dielectric 
constant of water (a value of 80 com- 
pared to 2.2 for petroleum) it is helpful 
to introduce the- concept of the polar 
molecule. A polar molecule lacks elec- 
trical symmetry; its centers of positive 
and negative charge are separated by a 
finite distance, and consequently it is 
difficult to orient and may oscillate ro- 
tationally when placed in an alternat- 
ing field, thus dissipating energy. On 
the other hand, a non-polar molecule, 
one possessing physical and electrical 
symmetry, is capable of being oriented 
by an external field with much greater 
ease and, theoretically, exhibits no 
power loss in an alternating field. The 
net result is a tremendous contrast in 
dielectric constant between the highly 
polar water molecule and the non-polar 
petroleum, thus imparting great sensi- 
tivity to water determination methods 
based on the measurement of dielectric 
constant. 

The Enniscope equipment makes such 
a measurement by passing the liquid to 
be measured through a capacitor com- 
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prising two concentric cylinders. This 
capacitor can be inserted at any con- 
venient point in the pipeline and is en- 
ergized by a source of high-frequency 
energy. The electronic equipment gen- 
erating this high-frequency energy 
and the associated measuring cir- 
cuits are housed in a rugged weather- 
proof condulet, connected to the re- 
corder through electrical conduit; 
shielded weatherproof coaxial cable car- 
ries the signal from the electrode to the 
electronic equipment. The capacitance 
and the power loss exhibited by the test 
capacitor are a function of the water 
content of the emulsion and, through 
suitable control circuits, the recorder 
pen is caused to deflect proportionally to 
the water content, thus providing, in ef- 
fect, a continuous sampling of the fluid 
flowing through the pipeline. 

The effective dielectric constant of a 
water-in-oil emulsion is not a linear 
function of the water content, but, 
through proper choice of electrode ge- 
ometry and circuit constants, the re- 
corder pen deflection may be made 
linear within about plus or minus 3 
percent of full range. A typical accur- 
acy plot, obtained by plotting chart 
reading vs. centrifuged water content 
for a large number of samples, is shown 
in Fig. 3. This plot is interesting in 
several respects. Some points deviate 
grossly from the faired curve, which is 
substantially linear; these points, in the 
author’s opinion, represent contaminat- 
ed samples. The trend is too obvious 
and the statistical evidence too power- 
ful to permit one to attribute the gross 
discrepancies to the electronic equip- 






ment. Smaller discrepancie 
chart reading and physica! 
tent by centrifuge may. be att 
two factors. First, ASTM 
permit a margin of 0.4 perce 
two results from any one sa 
oratory techniques, admitted 
ally provide results in m 
agreement, but one is fore: 
clude that the water content ; 
known to closer than 0.2 perc yt. x, 
ond, the accuracy of the pres: + } 
scope equipment in the 0-10 j 
range is limited to approxin 
percent, owing primarily to 1 fa 
tors as globule size and dist) tiny 

The four starred samples 
percent region exhibiting a 
positive error illustrate an 
point. These samples represent 
made on a crude that was hea) 
or diluted, with a gas-oil co: 
high percentage of aromati 
carbons. This was done to ré 
viscosity of the crude for eas« 
ing. The contamination of the le } 
the gas-oil containing a high pe 
of polar molecules resulted in « 
chart readings, for the equipment 
sponded to the presence of th¢ 
matic hydrocarbons as well as t 
although to a lesser degree, of 
Compared to a sample of crude 
gas-oil in question possessed 
tric constant equivalent to a 3 ) 
water content, although it actua 
tained only a trace of water. | 
quently, it is important that th 
ment be calibrated with the t 
crude with which it is intended 
used, and that any possibility 
tamination of the fluids by pola: 
be considered. 

This equipment has been proved 
actual practice over a period of 
years. Three full-scale sensitivities, 


0-10, and 0-100 percent, are present 
availa’ le. Maintenance consists larg: 


of tube replacement at six-mont! 
tervals. Properly calibrated, the e 
ment provides a continuous record 


“cut” that is comparable in accuracy t 
that provided by the most careful phys 
ical sampling techniques, with the ad- 


vantages that human errors in sa 
pling and laboratory technique are \ 
tually eliminated and a complete chro 
logical record of water content va 


tion is available rather than the results 


of spot samples taken at intervals 
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meters, correction for variations in tempera 





% ture or pressure, or both, is automatic. Thi 
for chart reading is the compensated reading, 

_ Close although both compensated and uncompensated 

t _ records on the same chart can be obtained if 


re nt Se pressu re, temperatu re or desired. In fact, a total of four records can be 


made on a single chart 


The Ring Balance principle makes the addi 


pressu re and temperatu re tion of pressure and temperature compensatio! 


so simple that compensated meters are standard 





“4 a ° hy models in the Hagan Ring Balance line-—not a 
NCeresting wit special “problem child.” 

hee, Detailed information on these meters is 
n 9 HAGAN contained in our new bulletin “Here's How 
' yd Hagan Ring Balance Meters Provide Aut 
matic Compensation for Pressure, for Ten 


i - ee . 
ide } Ring Balance Flow Meters perature, for Pressure and Temperatut To 


‘ get your copy, Just fill out the coup 
e ( is > _ 
oo” or write to Hagan Corporation, Hagan Build 
hes ing, Pittsburgh 30, Pa 
t { 
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removed) of H 
\ Compensated Ring Balance Meter Thi 


\ Front view (chart 
J , 


\ model ts equipped with three per licatit 
\ rected flow on a strip indicator (not sl n) 
\ rding pressure and corrected flow. ( 
\ continuously totalized by the int it (upy eft) 
\ 





| 
| Hagan Corporation 
| Ring Balance Meter Division 
| Hagan Building, Pittsburgh 30, Pa. 
{ Please send me a copy of your new bulletin. “Her How H: 
| Ring Balance Meters Provide Automatic Compensation for Pri 
| for Temperature, for Pressure and Temperature 
AGAN CORPORATION 
7 ) Se ee a ee a 
| 
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New Literatu 





In this department we report new literature pertaining to Instrumentation, receive 
manufacturers. We urge readers to request ONLY those bulletins which will be o 
them. Use the Postage-free Order Card on Page 1071. 


TOM the 


Value te 





R-584 COMBUSTION SAFEGUARD. 8-page 
Bulletin W1816 illustrates and describes maker’s 
“‘Pyrotrol” combustion safeguard; contains speci- 
fications, diagrammatic charts; lists features.— 
The Bristol Co., Waterbury 91, Conn. 


R-585 “THE OHMITE NEWS.” 2-page July- 
August issue of this house organ features article 
titled ‘“‘Syntron Electric Vibrators Use Ohmite 
Rheostats for Smooth Control.”"—Ohmite Mfg 
Co., 4835-41 Flournoy St., Chicago 44, Il 


R-586 CO» ANALYZER. 4-page Bulletin 710 
describes and illustrates maker's CO» analyzers; 
stresses importance of efficient combustion; con- 
tains charts, diagram.—Charles Engelhard, Inc., 
850 Passaic Ave., East Newark, N. J. 


R-587 AIR DRYERS. 4-page Bulletin 16.0.080 
illustrates and describes maker's line of ““Hydry- 
ers” for drying gases, air or liquids; discusses 
designs, specifications.—J. F. Pritchard & Co., 
908 Grand Ave., Kansas City 6, Mo. 


R-588 PYROMETER CONTROLLER. 12- 
page bulletin describes and illustrates maker's elec- 
tronic py.ometer controller; discusses uses, oper- 
ation; contains diagrams, specifications.—Loudon 
Instruments, Inc., Chicago 11, II. 


R-589 FLOW MEASUREMENT. 24-page 
Catalog No. 50 illustrates and describes maker’s 
line of ““Ratomatic” instruments for remote india- 
cating, controlling, totalizing; contains drawings, 
specifications.—Fischer & Porter Cc., Hatboro, 
Pa. 


R-590 ELECTRICAL CONTROL SYS- 
TEMS. 34-page bulletin describes and illustrates 
maker’s control systems; discusses several instal- 
lations; describes convertible instrument truck, 
control panels.—W. F. and John Barnes Co., 301 
S. Water St., Rockford, II. 


R-591 TUBE FITTINGS. 60-page Catalog 
No. 203 lists and illustrates maker's line of tube 
fittings; contains design data, specifications.—The 
Parker Appliance Co., 17325 Euclid Ave., Cleve- 
land 12, Ohio 


R-592 PRECISION RESISTORS. 4-page 
bulletin describes and illustrates maker’s “Multi- 
pot” helical type, precision voltage dividers; con- 
tains drawings, specifications.—Ford Engineering 
Co., Box 153, Los Angeles 41, Calif. 


R-593 VIDEO TEST INSTRUMENTS. 8- 
page bulletin illustrates and describes maker's 
cathode-ray oscilloscopes and video test instru- 
ments; contains features, characteristics, specifi- 
cations.—Tektronix, Inc., 712 S.E. Hawthorne 
Blvd., Portland 14, Ore. 


R-594 RADIO-TV TEST EQUIPMENT. 2- 
page bulletin describes and illustrates maker's 
oscillograph, sweep generator, etc.; lists specifica- 
tions, special features.—Jackson Electrical In- 
strument Co., Dayton 1, Ohio. 


R-595 SUBMINIATURE ACCELEROM- 
ETER. 2-page Bulletin No. 4.4 describes and il- 
lustrates maker's “Model F” subminiature ac- 
celerometer; lists special features, specifications, 
selection table.—Statham Laboratories, 9328 
Santa Monica Blvd., Beverly Hills, Calif. 


R-596 RECTANGULAR COORDINATE 
RECORDER. 8-page bulletin describes and il- 
lustrates maker's ‘“‘Type 373” rectangular coord- 
inate recording system; contains general descrip- 


tion, specifications.—Airborne Instrum nts 1 
oratory, 160 Old Country Rd., Mineola N. y 


R-597 WIDE-RANGE OSCILLATOR 
page bulletin illustrates and describes make; 
“Type 124 A’ wide-range power esci r: list 
applications, specifications. Airborr Instr 


ments Laboratory, 160 Old Country Rd., Mineo); 
N.Y 


R-598 “BIDDLE INSTRUMENT 
4-page Vol. 5, No. 3 issue of this house orp, 
features a section titled “Question and Ansyw 
on Insulation Testing,’ and other es.~ 
James G. Biddle Co., 1316 Arch St., Philadelp} 
7, Pa. 


R-599 PAPER TESTING. 4-page Bulletin N 
4907 describes and illustrates maker's basi 
scales; lists specifications, uses.—Thwins 
Instrument Co., Pulaski Ave. at Penn S 
delphia 44, Pa. 


weig 
Alber 
Py 


R-600 “THE BODINE MOTORGRAM 
page Vol. 29, No. 5 issue of this house organ fea 
tures article titled “Electric Brain Speeds U 
Difficult Calculations.’"—Bodine Electric C 
2250 W. Ohio St., Chicago 12, IIL 





R-601 PICTORIAL BROCHURE. 44-pay: 
brochure illustrates and describes maker's fa 
ities for instrument manufacture; lists line pr 
duced.—Cook Research Laboratories, 1457 Diver 
sey Parkway, Chicago 14, IIl. 


R-602 MERCURY SWITCHES. 16-page Ca 
alog 1343 describes and illustrates maker's line o; 
mercury switches; gives engineering data, spec 
fications; discusses advantages, applications.- 
Brown Instruments Div., Minneapolis-Honeywe 
Regulator Co., Philadelphia 44, Pa. 


R-603 SCIENTIFIC GLASSWARE. 24-page 
Bulietin 8149 describes and illustrates maker’: 
laboratory stopcocks and interchangeable joints 
lists specifications, structural details, uses.— Bod 
Scientific Co., 719-721 Liberty Ave., Pittsburg! 
22, Pa. 


R-604¢ WATCH CLEANING MACHINE 4 
page bulletin illustrates and describes maker 
“Little Giant’’ watch cleaning machine; lists spe 
cial features, design.—H & H Horological Supply 
Co., 1549 Lawrence St., Denver 2, Co!o. 


R-605 “THE OSCILLOGRAPHER.” 20-pag 
Vol. 11, No. 3 issue of this house organ features 
articles on maker’s “Type 314-A Oscillograph 
Record Camera,” an article titled “A New Lens { 
Projection Oscillography,” and others.—Instru 
ment Div., Allen B. Du Mont Laboratories, In 
1000 Main Ave., Clifton, N. J. 


R-606 “THE GENERAL RADIO EXPER! 
MENTER.” 8-page, Vol. XXIV, No. 2 issue of 
this house organ features an article titled “A 
New Decade Inductor.”—General Radio Co., 2’ 
Massachusetts Ave., Cambridge 39, Mass. 


R-607 “TEMPERATURE-RESISTANCE 
CHARACTERISTICS OF ELECTRICAL IN 
SULATION.” 16-page Technical Publicatior 
21T4 discusses problems and factors in determin 
ing temperature-resistance characteristics of elec 
trical insulation —James G. Biddle, Co., 131° 
Arch St., Philadelphia 7, Pa. 


R-608 DISTANT READING THERMOM 
ETERS. 8-page Bulletin No. 2451-C describes anc 
illustrates maker’s distant reading electric the 
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ters, lists ranges available, applications, 
sificat ns. — Illinois Testing Laboratories, 
420 N. La Salle St., Chicago 10, Ill. 





R600 GRATING SPECTROGRAPHS. 12- 
Se Bulletin XXXII describes and illustrates 
Saker’s line of spectrographs; lists advantages, 







ity Rd., Cambridge 38, Mass. 





R-610 MULTI-CIRCUIT PYROMETER. 2- 
age bulletin illustrates and describes maker’s 

ype 1200” portable multi-circuit pyrometer; 
discusses features, construction, specifications.— 
Illinois Testing Laboratories, Inc., 420 N. La 
Salle St., Chicago 10, Ill. 








R611 SHUT-OFF COCKS. 24-page Bulletin 
100-1 describes and illustrates maker’s line of 
extra-grade cocks: acid metal, gland-packed, 
IME nts roundway, pet and bibb cocks, etc.; also stop, 






la, N y check, non-return and transfer valves.—Belfield 
Valve Div., Minneapolis-Honeywell Regulator 

LATOR | Co., Philadelphia 44, Pa. 

os 

‘illaton R612 “THE GENERAL RADIO EXPERI- 

rr Ince, MEMENTER.” 8-page Vol. XXIV, No. 3 issue of 

°d.. Mineo), (ep this house organ features article titled “Measuring 


Noise Levels on Frequency-modulated Transmit- 
ters."—General Radio Co., 275 Massachusetts 
T NEWs Ave., Cambridge 39, Mass. 

e or ; 


nd Answer R613 VACUUM THERMOCOUPLES. 4¢- 

t page Bulletin V23 describes and pictures maker’s 
“Type U” UHF vacuum thermocouples; gives 
dimensions, overload, type of response.—Field 
Electrical Instrument Co., 109 East 184th St., 
New York 53, N. Y. 


R-614—TRANSMISSION AND ABSORP- 
TION DYNAMOMETER. 2-page bulletin illu- 
strates and describes maker’s “Model E”’ trans- 
mission and absorption type dynamometer; dis- 


sa, “ aS 
ma-8 ¢ > 
wri 5 . 

: =a pee x 

eens 


iRAM cusses features and operation.—Electro Mechan- 
organ fe. Bu ical Devices Co., 49 Selden Ave., Detroit 1, 
speeds Up [ee Mich. 

ctr C ; 


R-615 MOTOR TESTING DYNAMOM.- 

| ETER. 4-page bulletin illustrates and describes 

44-5 » maker's ‘Model 48’ absorption type electric 

) motor testing dynamometer; lists speed and hp. 

, "range, capacity; discusses assembly, control.— 

157 Dive: 7 Electro Mechanical Devices Co., 49 Selden 
' Ave., Detroit 1, Mich. 


R616 RADIOACTIVITY MEASURE- 


page Ca ‘ A 

’s line MENT. 8-page bulletin describes and illustrates 
ta, spec maker’s “‘Raychronometer’’ for precise measure- 
ations ment of radioactivity with Geiger tubes; lists fea- 


loneywe!) Pm tures, Specifications, discusses component ele- 
| ments.—Radioactive Products, Inc., 3201 E. 
Woodbridge St., Detroit 7, Mich. 


. 24-pa 

maka. {— R617 LIQUID LEVEL GAGE. 2-page Bul- 
® join ® letin 120 describes and illustrates maker’s ‘‘Tru- 
—Boder Pm Seale” distant-reading dial-type gage for boiler 
ttsburgh fm 4nd other water levels; discusses construction, 


special features, operation.—Jerguson Gage & 
Valve Co., 80 Fellsway, Somerville 45, Mass. 


- 
* R-618 FORCE MEASUREMENT. 2-page 
ta ore bulletin illustrates and describes maker’s “Uni- 
iene) beam” uni-directional force-measurement device 
is for new dynamometer installations or replace- 
ment of old torque-measuring equipment; lists 
20-page features.—Link Engineering Co., 13845 Elmira 
ti Ave., Detroit 27, Mich. 
ure 
ays R-619—TUBE FITTINGS. 2-page Bulletin 
. 219 contains shape nomenclature chart and tube 
= fitting size table on maker’s industrial 3-piece 
=o tube fittings —The Parker Appliance Co., 17325 
Euclid Ave., Cleveland 12, Ohio. 
PERI R-620 CONTROL PANELS. 2-page bulletin 
sue illustrates and describes maker’s machine-tool 
ed oo control panels; lists features, discusses mainte- 
D nance, construction.—Electro Mechanica! Devices 
Co., 49 Selden Ave., Detroit 1, Mich. 
ANCE ; R-621 “HOW TO SERVICE RADIOS 
LIN WITH AN OSCILLOSCOPE.” 72-page book- 
cation let, price $1, explains in a practical manner the 
>rmin operation and applications of the cathode-ray 
elec oscilloscope; essentially for radio and amplifier 
1316 | 9} repairmen, etc.—Radio Div., Sylvania Electric 
oe Inc., 500 Fifth Ave.. New York 18, 
[OM- FF 
s and fa R-622 CAPACITOR BANK. 2-page bulletin 
the ™ ‘illustrates and describes maker's capacitor bank; 





meeifications.—Baird Associates, Inc., 33 Uni- | 





HELICOID GAGE 
BOURDON TUBES 


iw K-MONEL 
iw ALLOY STEEL 


4 STAINLESS STEEL 














iw” PHOSPHOR BRONZE 


Make Sure You 
Select The Right One 


@ It pays to use the right kind of gage for 
the job. For example, a gage made with a 
K-Monel Bourdon tube won’t corrode on 
certain services which ruin bronze or steel or even stain- 


less steel Bourdon tubes in a short time. 


Some such services are Hydrogen Sulfide (sour oil or 
gas), Hydrofluoric acid, Aluminum Chloride, Aluminum Fluo- 
ride, Ammonium Sulfate, Black Liquor, Carbon Tetrachloride, 
Ethyl Chloride, Oxygen, Potassium Sulfate, Sodium Fluoride, 


Sodium Hydroxide, and many others. 


HELICOID developed the K-Monel Bourdon tube to give 
better and longer gage service—to eliminate trouble—to re- 
duce cost. Helicoid K-Monel gages are guaranteed accurate 


to Y%2 of 1%. They stay accurate longer. 


Of course, bronze or alloy steel or stainless steel] Bourdon 
tubes are each best under certain conditions. It depends on 
the service. Use the right gage for the job. Write us if there’s 
any doubt. 








‘ Only Helicoid Pressure Gages 
have the Helicoid Movement 


HELICOID GAGE DIVISION 
AMERICAN CHAIN & CABLE 


Bridgeport 2, Connecticut 
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INKLESS 
RECTILINEAR 


Direct Writing 






extremely high 
torque movement 
(200,000 dyne cms), rug- 
gedly built and producing 
clear, permanent records. 


*anborn Direct Writing Recorders offer these 
S advantages, plus performance characteristics 
(see table below) that make them outstandingly 
useful in a wide variety of industrial recording 
applications. 

Vhenever a phenomenon or action lends it- 
self to transformation to an electrical quantity, 
and whether the variation is steady or of a pulse 
type, these Recorders (with associated amplifiers) 
can be used for immediate, direct, continuous 
registration. 

Typical applications, actual and potential, in- 
clude: temperature changes, automotive noise 
and vibration, varied output of strain gages and 
bridges, lightning and earthquake recording, 
pressure variations, audio frequency response, 
and many others. ; 

Recording paper (Sanborn Permapaper) is heat 
sensitive — eliminating ink — yet clear and perma- 
nent. Trace is rectilinear — no curvature, no nega- 
tive time intervals —yet with totally negligible 
tangent error. 

Sanborn Recorders are available in self-con- 
tained, portable recording outfits, complete with 
cases and controls, or in component form for 
integration with —s equipment. Associated 
amplifiers ave also available. 

TABLE OF CONSTANTS 


Sensitivity 10 ma lcm 
Co esistonce 3,000 ohms, cente: topped for 
push-pull! operation 
tical damping resistance 500 ohms 
Undamped fundomental frequency 45 cycles sex 
Stylus heoter requires from external source 25 volts 


3.5 amps, AC or DC 

Maximum undistorted deflection 
from center 

Marker requires from external source 
1.5 amps, AC or DOC 

Paper speed 


Chart ruling 


2.5 cm. eoch way 


25 mm sec 
i mm intervals. 
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lists features, uses, sizes.—Electro Mechanical 
Devices Co., 49 Selden Ave., Detroit 1, Mich. 


R-623 INSTRUMENT MOTORS. 
bulletin pictures and describes maker's 
R-25” synchronous and 
motors; lists features, 
Holtzer-Cabot Inc., 


R-624 “SOLDERLESS-TYPE WIRE TER- 
MINALS.” 8-page reprint from June 1949 Elec- 
trical Manufacturing by maker’s preject engi- 
neer, T. C. Freedom; contains charts, diagrams, 
pictures; discusses selection of terminals at low- 
est assembled cost.—Aircraft-Marine Products 
Inc., 1523 N. Fourth St., Harrisburg, Pa. 


R-625 SOLDERLESS WIRING CATA- 
LOG. 24-page pocket catalog describes and il- 
lustrates several of maker’s wire terminals.— 
Aircraft-Marine Products Inc., 1523 N. Fourth 
St., Harrisburg, Pa. 


R-626 DYNAMOMETER TEST STAND 
2-page bulletin illustrates and describes maker's 
“Add-a-unit” dynamometer test stand; lists fea- 


4-page 
“Type 
induction fractional-hp 
models, technical data.— 
Boston 19, Mass. 


tures, applications.—Electro Mechanical Devices 
Co., 49 Selden Ave., Detroit 1, Mich. 
R-627 “CEC RECORDINGS.” 6-page, Vol 


3, No. 2 issue of this house organ features article 
titled “Mass Spectrometer Analysis of Solvents 


and Derivatives Now Simple Routine”; also 
articles on maker's new mass spectrometry and 
galvanometer services. — Consolidated Engineer- 


ing Corp., 620 N. Lake Ave., Pasadena 4, Calif 


R-628 RADIATION COUNTER TUBES 
8-page bulletin describes and illustrates maker’s 
latest models self-quenching radiation counter 
tubes for research and industry; lists features, 
specifications.—Amperex Electronic Corp., 25 
Wachington St., Brooklyn 1, N. Y. 


R-629 “PHOTOELECTRIC METHODS IN 
CLINICAL BIOCHEMISTRY.” 4-page pro- 
spectus of book by G. E. Delory, M.Sc., Ph.D., 
assistant professor of biochemistry, Univ. of 
Manitoba, lists contents; contains specimen 
page.—The Jarrell-Ash Co., 165 Newbury St., 
Boston, Mass. 


R-630 INSTRUMENT CATALOG. 40-page 
Catalog 15 illustrates and describes and illu- 
strates maker’s thermometers, psychrometers, 
barometers, hydrometers; lists specifications; 
contains simplified price list—H-B Instrument 
Co., 2633 Trenton Ave., Philadelphia 25, Pa. 


R-631 “MODERN PRECISION.” 8-page, 
Vol. 9, No. 2 issue of this house organ presents 
articles featuring maker’s instruments in metals, 
process industries, ceramics, power, research, 
teaching, testing.—Leeds & Northrup Co., 4902 
Stenton Ave., Philadelphia 44, Pa. 


R-632 “THE C-D CAPACITOR.” 16-page, 
Vol. 14, No. 8 issue of this house organ continues 
article titled “The How and Why of Vibrators”; 
contains “The Radio Trading Post,” a-free mar- 
ket-place for buyers, sellers, and Swappers.— 
Cornell-Dubilier Electric Corp., Hamilton Blvd., 
South Plainfield, N. J. 


R-633 CONTROL VALVES. 12-page bul- 
letin describes and illustrates maker's ““Domotor” 
control valves; explains positioning operation of 
“Domotor”; lists features, specifications.—The 
Annin Co., 3234 Mines Ave., Los Angeles, Calif. 








R-634 TURNS-INDICATOR. 2-page Bulle- 
tin 114 illustrates and describes maker’s ‘‘Beck- 
man Model W Duodial” turns-indicator for 
multi-turn devices; lists features specifications.— 
The Helipot Corp., South Pasadena Calif. 


R-635 “TRACERLOG.” 12-page No. 21 is- 
sue of this house organ features articles titled 
“A Discussion of Decade Scaling Circuits”; dis- 
cusses uses of maker's instruments.—Tracerlab 
Inc., 130 High St., Boston 10, Mass. 


R-636 “S. L. INSTRUMENT NOTES.” 4- 
page No. 10 issue of this house organ presents 
articles titled “Frequency Calibration of Sys- 
tems for Direct Registration of Vascular Pres- 
sures” and “Dynamic Pressure Transmitter Cali- 
brator.”"—Statham Laboratories, Inc., 9328 
Santa Monica Blvd., Beverly Hills, Calif. 


R-637 LABORATORY RESISTOR. 2-page 
Bulletin 106 illustrates and describes maker's 
“Model T-10" voltage divider for laboratory and 


experimental uses; gives stock valu: 
tions; lists features.—The Helipot ( 
Pasadena, Calif. 


R-638 MAGNETIC OXYGEN 
ZERS. 4-page General Information 
scribes and illustrates maker's magr 
analyzers and recorders; gives princ 
ation, characteristics, description of 
Arnold O. Beckman, Inc., 11 W. Stat 
dena 2, Calif 


R-639 VOLTAGE-DIVIDING 
ORS. 4-page Bulletin 105 illustrat 
scribes maker’s “‘Models F and G 
linear voltage-dividing resistors; lists ; 
special features; gives stock values.—1 
Corp., South Pasadena, Calif 


R-640 “SCIENTIFIC APPARAT 
METHODS.” 34-page Summer 1949 
this house organ features articles tit 
Frequency Measurement of Electrolyt 
Electrodes,” “‘The Polarography of 
“Techniques for Cutting Glass Tubing 
two lists new, reinstated, discontin 
specification changes.—E. H. Sargent 
155-165 E. Superior St., Chicago 11, | 


R-641 “PRECISIONOMICS.” 4-; 
1, No. 1 issue of this house organ feat 
icles on uses of maker’s instruments 
cordomatic Titrometer, Dubnoff Metab 
ing Incubator, and others).—Precisior 
Co., 3737 W. Cortland St., Chicago, 47 


R-642 WATER TEST AND CONTR 
EQUIPMENT. 16-page booklet descr 
illustrates maker’s apparatus for water a 
lists features, dimensions, applications.—W_ H. 4 
L. D. Betz, Gillingham & Worth Sts 
delphia 24, Pa. 


R-643 LABORATORY FURNITURE. 4 
page bulletin illustrates and describes make 
ready-made unitized laboratory furniture 
dimensions, special features.—Fisher §S 
Co., 717 Forbes St., Pittsburgh 19, Pa 


R-644 “THE C-D CAPACITOR.” 16-page 
Vol. 14, No. 9 issue of this house organ feature 
article titled ‘‘Power Factor Correction 


tains regular “The Radio Trading Post”’ sect 
—Cornell-Dubilier Electric Corp., Ham 
Bivd., South Plainfield, N. J. 


R-645 PAINT AND VARNISH DkyY 
NESS TESTER. 4-page bulletin describes ar 
illustrates maker’s dust-free tester for detern 


ining the drying time of paints and varnishes 


gives design, operation, test data——Henry A 
Gardner Laboratory, Inc., 4723 Elm S&S 
Bethesda 14, Md 


R-646 WELDING CONTROLLERS 
page group of bulletins in a file-size folder de 
scribes and illustrates maker’s welding contr 
combinations; induction heating; motor contr 
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® tion, principle of operation, characteristics, per- 


© strates maker's “Types 304 and 304H” cathode- 
) ray osciliographs; discusses circuits and power 


.pecial features, applications.—Weltronic 


9500 W. Eight Mile Rd., Detroit 19, Mich 


0.» 


R-647 AUTOMATIC PAINT FILM AP 

PLICATOR. 4-page bulletin illustrates and de- 
‘ribes maker's automatic blade applicator for 
ying down uniform films; gives specifications ; 
serformance examples.—Henry A. Gardner Lab 
bratory, Inc., 4723 Elm St., Bethesda 14, Md 


R648 ELECTRICAL TESTING AND 
ONTROL EQUIPMENT. 48-page booklet i! 
ustrates and discusses maker’s plant, products, 
and personnel ; contains 16 large pictures of var 
‘ous equipments.—Electro Mechanical Devices 
o., 49 Selden Ave., Detroit 1, Mich. 


R-649 VISCOSITY-TEST CUP. 6-page bul- 
Mictin describes and illustrates maker's ‘‘No. 4 
Wyord Type” aluminum viscosity cup for deter- 

ining viscosity of paints, varnishes, oils, etc. ; 
discusses operation, care, temperature control, 
etc—Henry A. Gardner Laboratory, Inc., 4723 
Elm St., Bethesda 14, Md. 


R650 RADIO INTERFERENCE AND 
FIELD INTENSITY METERS. Two 4-page 
bulletins describe and illustrate maker’s ‘““NM- 
Pi0A” and “NM-20A” radio interference and 

Geld intensity meters; ‘“‘NM-10A” bulletin de 
WN ccribes use of device on very low frequencies; 
| *NM-20A” bulletin discusses portable unit for 
field engineer; both list performance specifica 
S tions, unusual features.—Stoddart Aircraft Radio 
H Co. 6644 Santa Monica Blvd., Hollywood 38, 


Calif. 


R651 RECORDING MILLIAMMETERS 
4-page Bulletin 949, “The Graphic,”’ presents 
article titled ‘Atoms, Stars and Traffic Cops”’ de 
seribing some new accomplishments of recordin; 
milliammeters.—The Esterline-Angus Co., P.O 
Box 596, Indianapolis 6, Ind. 


R-652 VALVE CONTROLLER. 8-page Bul 
letin 3500 illustrates and describes maker's 
“Positrol” valve controller; discusses construc- 
formance.—Fisher Governor Co., Marshalltown, 
Iowa. 


R653 CATHODE-RAY OSCILLO- 
GRAPHS. 12-page bulletin describes and illu- 


supplies, physical layout, applications, specifica- 
tions.—Instrument Div., Allen B. DuMont Lab- 
oratories, Inc., 1000 Maine Ave., Clifton, N. J. 


R-654 MOTOR CONTROLLER. 4-page bul- 
letin illustrates and describes maker's electric 
motor speed controller; lists specifications, ap- 
plications.—Servo-Tek Products Co., Inc., 4 
Godwin Ave., Paterson 1, N. J. 


R-655 “THE GENERAL RADIO EXPERI- 
MENTER.” 8-page, Vol. XXIV, No. 4 issue of 
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New 4 speed quick shift paper drive provides wider fre- 
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Light weight and small size mean convenient adaptabil- 
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Or do you yourself wish to preserve 
your own copies intact? 


Just drop us a postal card asking 
for Inquiry Cards and we'll 
send you twelve! Do it NOW. 
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this house organ features article titled “‘General- 
purpose A-M Standard-signal Generator’; lists 
specifications.—General Radio Co., 275 Massa- 
chusetts Ave., Cambridge 39, Mass. 


R-656 WIND INSTRUMENTS. 8-page Bul- 
letin No. 6000 illustrates and describes maker’s 
anemometers, wind direction instruments, wind 
recorders, pilot balloon theodolites; lists specifi- 
cations. —W. & L. E. Gurley, Troy, N. Y. 


R-657 SOLDER PREFORMS. 2-page bul- 
letin illustrates and describes maker’s solder pre- 
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forms for flame, oven, 


soldering.—Kester Solder Co., 


Ave., Chicago 39, Iil 


R-658 CONDENSATE 
24-page Publication No. 

“C.B” 
control; 
specifications, 


rROL 
and illustrates maker's 
densate drainage 
instailation, 
rane Corp., 17th St 
delphia 32, Pa 


R-659 OPTICAL 


ADVERTISERS 
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induction, 
4201 


resistance 
Wrightwood describe 
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Buhl Optical Co., 
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R-660 VIBRATION CONTROL 
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LK Vibro 
discusses typical installations.—The Kor- 
Long Island 
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HAND PYROMETERS 


Mark Reg U 


The XACTEMP PYROMETER 
makes possible better qual- 
ity control and helps to- 
ward elimination of blow- 
holes, burnouts, sand infil- 
tration and other flaws due 
to incorrect temperature... 
affords a simple, effective 
means for accurate temper- 
ature measurement of mol- 
ten, non-ferrous metals. 
Well-balanced, easy to 
handle . . . always ready 
for use and requires no 
preliminary adjustments. 

Cast aluminum and brass construction. 
Indicator is of medium resistance not affec- 
ted by thermocouple length... acts rapidly 

. provided with Alnico V magnet and 
direct reading dial starting at 50° F. 43° 
stainless steel extension . . . standard 7’ 
Marshall tip permits true readings below 
surface of metal. Made to give good serv- 
ice for years. Order at once to be sure of 
immediate delivery from stock. 


Catalog No. MM701 § gs° 
Complete with Thermocouple. . 
Catalog No. MM7 Replacement Thermo- 


couple Tip . 7.00 


re 


Ask about XACTEMP PYROMETERS for all-around 
general temperature checking. A full line of ther- 
mocouples available in stock. 
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CLAUD S. GORDON CO. 


Specialists for 33 Years in the Heat Treating 
and Temperature Control Field 

Dept. 21 @ 3000 S. Wallace St., Chicago 16, iI! 

Dept. 21 @ 2035 Hamilton Ave., Cleveland 14,0 
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